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(54) Process and apparatus for preparing propyien^ homopoiymers and copolymers 



(57) Described herein is a process arid an appara- 
tus for preparing propylene honnopolymersandcopoiy^- 
mers. which comprises polymerizing propylene option- 
ally with comonomers in the presence of . a catalyst at 
elevated temperature and pressure in at least orte.^luny ..^ 
reactor and at least one gas phase reactor, tha polynrr^ ' 



erization product of at least one slurry reactor, contain- 
ing unreacted monomers, being conducted to a first gas 
phase reactor jBssentially without recycling of the unre- 
acted monorriers to the slurry reactor. The invention pro- 
.vjdes for fast stad-ups because the gas phase bed ma- 
'terfat'Js available directly from the loop reactor. ■ 
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Do criptlon . ..^ - . 

Backqr und of the Invention , 

Field of th Invention 

The present invention relates to propylene polym- 
erization. In particular, the present inveritjon concerns a 
process for preparing honnopqiymers and copolymers 
of propylene in a reactor system compris^ing a combina- 
^ tion.of at . least one slurry reactor and.at least one gas 
(Dhase reactor. The present invention, also, relates to an 
apparatus for producing homo- and copolymers of pro- 
pylene. .... ^. 

Description of Related Art . 

A large number of processes for preparing propyl- 
.ene homo- and copolymers are knovyn In the art. Thus, 
. for example, when MgCl2*TiCl4, a . conyentional. sup- 
. ported high-yield cajalyst is used forpolyrnerization, nu- 
merous different kinds of slurry and gas phasfe process- 
esjcan be employed, the bulk. process js a slurry proc- 

,es§, wherein the reaction, takes place In pure. nrionomer 
Of Jri a reaction medium containing more than 60 wt-% 
of the monomer. The main advantage of a- bulk process 
is f qmried by the high caklyst activity due to the fact that 
polyrnerizatidn takes place in liquid monomer. This 
rriean^ that to achieve commercially acceptable catalyst 
productivity (expressed as kg polymer/gram of catalyst), 
a short residence time in the reacjpr is sufficient. Short 
residence time In the reactor means that the reactor can 
be^ of .small size compared, to e.g.- fluid-bed gas phase 
reiactpr. The srnall reactorsize leads to,reJalively low pol- 
ymer ihye'ritory. in the reactqr, which-.speedSiUp Jransi- 
J.ions betvyeen dilfferent prodycts, ; fi:',:- 

The gas phase processes have jower.^ctivity be- 
cause polymerization takes place in gaseousmonomer. 
TKis jeads^to, longer resider^qe times, Awhicfi .increases 
the reactor size and^thus polymer Inventory required 
Jeading to slower grade transitions. On the other hand, 
the^nvestmerit xbst ,of. gae^ phase processes Jsjiower 

, . (less cpmpjicated), especially due to lower^unused mon- 
omer r^ycle leading ^to^^^^ equipment in- 
yeistment^Qosts.. Another.advantage.of .ga& phase: proc- 

, esse'sjsthe possibility to produce.high comonomer con- 
tent products. Stilf another advantage is the better in- 

. he rent safety of the gas phase processes due to lower 
monomer, inventory and lower pressure compared to 

\bulk prpcesses. . . • - • V . 

^ . . In order/to cJrayy benefit from and avoid draw-backs 
of the. different, features of slurry bulk and gas phase 
processes, combine^d bulk and gas phase processes 
have been suggested iifj the prior art. ; ^ 

For polynrierizati n.of vinyi chloride there has. been 
projDosed a slurry/gas phasfTe(actpr,cascacle . where the 
first reactor is a\lodp . reactor,, and the polymer content 
of the loop react r.is cqncentrat d with settling legs and 



led to a second reactor, which is a fluidized bed reactor 
Reference is made to US Patent N . 3,622,553. Th po- 
lymerization is continued in the fluidized bed: The outlet 
is made disconttnuousty using a settling leg in the loop 
5 in order to minimize the reaction medium transported to 
the gas phase reactor. 

, . Polymerization of propylene in a loop reactor, which 
can be operated in supercritical conditions, is disclosed 
in US Patent No. 4.740.550. The product of the loop re- 
10 actor is conducted to a gas phase reactor, wherein the 
reaction is continued. Before entering the gas phase the 
fines. fraction of the polymerization product of the loop 
■reactor is removed and fully or partly circulated back to 
the loop reactor. Together with the fines; a part of the 
IS unreacted monomers f rom the gas phase reactor is re- 
cycled directly to the 1st stage loop reactor. 

The main object of US Patent No. 4,740,550 is to 
provide a process . for preparing a block copolymer of 
/ high quality by feeding homopolymer with narrow resi- 
20 dence.time distribution to the block copolymerization 
stage. The process disclosed corriprises the following 
. . stages: first stage homopolymerization in a bulk loop re- 
• actor»;fines removal cyclona between the first and sec- 
ond stage, second ^stage homopolymerization In a gas 
2S phase reactor and finally impact copolymerization in an 
additional gas phase reactor. : 

One problemiWith the' process in US Patent No. 
,:4.740,550 is that if all the fines removed :f rom the first 
• stage loop reactor outlet are circulated back to the loop 
30 - reactor, there is. a risk that eventually the loop reactor is 
filled with inactive dead catalyst or slightly polymerized 
dead fines. On the other hand If a portion of this fines 
stream is combined with the product from the last reac- 
tor, this might cause inhomogenity problems in the final 
product. Still further if ~a po'rtion^of this fines stream is 
_ M , collected separately and r blended with. a separate 
;>.> 5. iionrrappiym^r product as also suggested in US Ratent 
^ ; , No. 4,740, 55tO, this jeads to complicated and economi- 
cally unacceptable operation. As .will be discussed in the 
fp- detail.e_d. description iOf the present Mnvention, we have 
--.found that. impactcppolymer of ;high quality can b.e pro- 
j . . yduced with , two-stage homopolymerization followed by 
an impact copolymerization step without any fines re- 
.-: fnpyal-and.-.circulation either: after the first* or second 
. stag& homopolymerization. . 

In the present invention one of the main objects is 
^ tc rninimize .the amount of circulation by a specific se- 
.quence. of jaactors and jby selecting the relative 
^ arnounts, produced in each reactor with that object in 
mind. This-is an idea, which is clearly not the object of 
US Patent No. 4,740,550. This point is further clarified 
: .in the detailed description of the invention and in the x- 
. amples. -, - ; 

For polymerization of olefins- a process is known in 
;SS , which the firsL/eaction is made in liquid, and the second 
. . .reaction in the . absence- of the liquid (cf.: GB Patent No. 
1,532231). ; 

A two;3tep process has also been suggested for po- 
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lymerization of ethylene, cf. US Patent No. 4.368.291. 

■ A. slurry prepolym rization connect d to the gas 
phase process is proposed in WO 88/02376/ 
. . A gas phase proc ss for potyolefins. where a spe- 
rciatcalalyst with spherical form Is employed, has been 
proposed in EP-A 0 560 312 and EP-A 0 517 183. The 
catalyst is prepolymerized.in a^loop reactor using more 
than 5 parts polymer and 1 part catalyst up to 10 wi- % ' 
of total production, . ' - . 

JP , Patent Applications . (Laid Open) Nos. 
58/065.-71 0,.O1/263, 107 and 03/084.014* describe the 
manufacture of propylene-ethylene block copolymers in 
an apparatus comprising a combination of a slurry re- 
actor andca ■gas phase reactor The polymer felUriy from 
the -slurry reactor Is fed: into.a ciassifyirtg system in- 
stalled between propylene polymerization vessels, and 
a slurry containirrg coafse particles is supplied to a flash 
for gas separation and polynrier is then ted^to an ethyl- 
•enerpropylene copolymerizatlon.vessel, while the slurry 
containirig fines is returned to thB shjrry vessel. 

... Some.iOf,-the disadvantages associated; with bulk 
and gaQ. phase procse^es^ respectively, are avoided by 
the suggested prior^rt combination processes. Howev- 
,er, nonQ of them meets theM^dquirements for flexibility 
and low production costs dtctdted 'by -the commercial 
production configuration. The -uecyding of large 
amounts of unreactedTnonomers^frbm the the second 
stage reactor back to the first stage slurry (bulk) reactor 
increases investment and. production costs, aid pre- 
• vents independent controf of reaictidn rfiedium cbmpo- 
; sition ip thei two reactors^.' v: i . : - ' 

Summary of the Invention ; : 

) It is an^objectof the present invention to' elirriinate 
vthe problems related to the prior art of single and Ynutti- 
•ple-reactor processes, and ta provide ia hovef process 
for preparing homopolymers artd bopblynriers of prc^yl- 

.':ena(and:Otheralfa<»lefui(s)). ' '^^ * - - 

. It is anotherobject of th&'inn/elwion to jDrovide a high- 
ly versatile process which ca^ be Used lor 'prepj^ring a 
wide range ol ^BX^x\V^^rr\x>p<:^i^^\''^^^d^<i^xx\^\ 

. products of propyJehB. - * yl::/;:- 

It is a third object of the inventioli td^ provide a hovel 
apparatus for producing homo- ja ^bpotyrner&of propyl- 

. ene:- * ' % : ■ ■ ; \ 

' ' ThesQ and other objects, tcigoth^r' with 'the advan- 
tages thereof over known- processes, -which shall be- 

:.come apparent f rom specificatiort which follows. -are ac- 
complished by -the invention* as herainsffter disscrib'ed 
andclaimed. ■ - ' • * • 

The process according to the presfent' invention is 
based on a combination of at least one slurry reactor 
and at least one gas phase reactor connected in series. 

' in that rder,; to form a cascad \ Pr pylehe homo- arid 
copolymers are prepared in thd presence of a catalyst 
at elevated temperature and pressure. /According to the 
invention, the polymerization prdduct of at least one 
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slurry reactor, containing unreacted monomers, is con- 
ducted to a first gas phase reactor with minimum r no 
recycling of monomer back to the slurry reactbr. 

The homo- or copolymers prepar d in the combina- 
tion of the slurry and first -gas phase reactor are 
homophasic, i.e. mtscible. and any rubbery component 
is added later.' 

According to* another aspect of the invention, at 
least orie slurry reactbr and ai least one gas phase re- 
actor'conriiscted iri series are employed as a'reactor sys- 
' terh; the "^at least one slurry reactor being a bulk loop 
I'eactor-bpiB rated at' high or super critical teniperature, 
* "and the cohteht of the slurry reactor, inbli!idirig the poly- 
mer product and reaction medium containing uhreacted 
monomers, being directly fed into the gas phase, reactor 
fluidized bed. - * • ' 

According to still a further aspect of the invention. 
' the Ydaction product of at least one slurry resictor is sub- 
jected to product separation by reducing the pi-essure 
thereof to evaporate volatile components. The sol kl sub- 
stances of- the product separation operation are con- 
' ducted to the gats phase reactor. The eVaporated reac- 
tion' medium including the unreacted monomers are 
' separated from the other volatile components and also 
iBdto the gas phase reactbr. Whereas hydrogen and in- 
> ert hydrocarbons '(e.g. lower alkahes). if any, .are re- 
moved. The separated stream can be used in. further 
reactors, e.g: as a hydrbgeh rich stream iristead of hy- 
'drogen feed; or the hydrogen c^n be recovered for other 
."'purposes: ' *" ' ' ' 

' The apparatus comprises a reactor cascadiB.formed 
"by at least one slurry readtbr connected Iri seribs with at 
'te^st one gas' phaSe' reactbr together with a. conduit in- 
'1ert6rih«tlrig safiJ6yie~ slurry reactor with s^iB one gas 
v^{}fi£is%"rfector for conducting essentially all of the unre- 
acted monomers fr6m the 'slurry reactor' fb the gas 
V^asb*fractbir J" ' ' ' ' 1 
ivor^^fv^ojre spiecificaHy. \We process according to the 
^*pr^s^fit rriveritioh is nriaihly bhafacterized by what is stat- 
^^^etf in tKe dharactb'rrzing jDart'of dainri T.*;^ " ' 
sr! ''i-theapp^ratiis is characte^^^ in 
''-'the c^d:facVerizing |jart of claim" 37, ' ' 
ir ^ ■ 'TTie^ achi^eves a number" of cbnsidera^ 

advantaged: With the presehtarfangemerSt it has been 
' found that-th^'mbhomef fed into the first reactbr can, to 
' aMafge e)rtent'orfully,'be phase 
' reabtdr(s) after the'6lurry reactbr. This is possible due 
togasphaseoperatibh with small amount af gas leaving 
with the poiynier product. The loop reactor dynamics in 
the cascade provides fast transitioris and high produc- 
' tivity;-Fast start-^ups 'are also possible because the gas 
'fihase bed material* is available directly fi-onri* the loop 
reactor. With the'lobjD andgas phase reactor cascade it 
is possible to 'pr'oduce'^a' large Variety of different broad 
'rnolecUlar weight distribution or bimodal products. The 
'*at leiast ohe gas phase' reactor provides'hIgh fleStibility 
1ii the reactlbri'rate ratib bbtween the first and second 
part of the product because of adjustable bed level and 
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reaction rate. The gas phase reactor has no solubility 
limitations which nnakes it possible to produce polymers 
ol high and= very high comonomer content. 

• Furthermore, one of the preferred embodiments de- 
picted in Figure 3 below, which comprises separation of 
light components before the recovered monomer is fed 
into the gas phase, makes it possible independently to 
control poiymerlzatlon conditions in slurry and gas 
phase, respectively, and thus provides ^for nnaximum 
flexibility of polymer alloy preparation. 

In summary, by means of the-present invention it is 
possible to provide* , - 

A: A process for preparing standard and novel 
honnopolymers and'copolymers of propylene; 

B. A process with minimum or no recycling of mon- 
V omer(s) back to the- first stags reactor leading to 

' rcost effective production; - • ^ . i. ^ 

C. A process, which-produces standard homopoly-' 
^mer, propylene-ethylene random copolymer and 
propylene-ethylene impact copolymer grades at 

f similar or tower cost than best state of the art tech- 
. ' nology; i . l ; . . , v ^ 

D. A process, which produces novel ' propylene 
honriopolymer. propylene-aifa-olefin random copol- 

: . ; ymer,: propyienB-ethylene-alfa-oIefin terpolymer 
J and propylene-ethylene-(alfa-olefin) impact copol- 
r i: vymer grades at a: cost rsimilar or not significantly 
higher than the' production ofcorrespondlng stand- 
^ ^ -^ard grades by the be^t state of th&:art technology; ' 

! - ' ~ E: A process, whero high productivity, f ast^dynamics * 
and compact reactor size of the tst^stagecis com-: 
r ' .'bined by direct feed with the high onGe-thcwgh con- • 
» '. version, prodactiandresidenc^e time.^l6«ibi1ity andb 
vfeeri mpnomer-evaporationi power 6^the second 
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'FrtA -ftiTocess asi^tatQd'jn^ combined with a 3rd 
stag©;impact copotymerization 'reactor:anti. further 
to provide such a product transfersy stem 4)etwe en i 
stages 2 and Sthat possible excess hydnogen com- 
ing from stage 2 can: be removed before stage 3; i: 

iG.' A^process ias stated iniE with a possibility to pre- 
pare novel poJy/neri grades with broad moJar mass 
distribution and/or highicocnonomer(s) content^.' 
' : ' ' ■: - I-.. - ^;.^T■J. 

. H. A processjasfstatad in F. with a-possibility to pre- . 
pare novel ipolymengradesrWith broad molar mass 
distribution and/or high comonomer(s) content; 

• i; A process, where^high productivity, fast dynamics 
and compact reactor -size of. the Ist^tage is com-' 
bined via separation unit with the high once-through 
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cbnversiori. product and residence time flexibility 
and f ed monomer vaporat ion power of th sec- 
ond stage; 

J. A process as stated in I combined with a 3rd stage 

* impact copolymerization reactor and further to pro- 
vide such a product transfer system between stag- 

- es 2 and 3'thal possible excess hydrogen coming 
.• ' from stage 2 can be removed before stage 3; 

K. A process as stated in 1. where the composition 
of the r(9£ictcrs can be controlled largely independ- 
i - ently airowir>g a possibility to prepare highly novel 
polymer grades; ' - ■ - - 

L. A process as stated in J, where the composition 

* of the reactors can be controlled largely' independ- 
ently allowing a possibility to prepare highly novel 
polymer grades; and - - . . ■ 

»• M. A process as stated in any of . the objectives 
i above, where the 1st stage reactor Is operated at 
high or supercritical temperature to increase pro- 
ductivity, to improve heat removal and'to provide a 
compact reactor size. 

Birieff Description df the Drav/lnos ' 

; Figure 1 depicts in a schematic fashion the process 
configuration of a first preferred embodiment of the 
invention; : 

• Figure 2 depicts in a schematic fashion the process 
' configuration of a second preferred embodiment of 
V - the invention; .L . • / - ^ > 

Figure 3 depicts in a schematic fashion the process 
configuration of a thirdpreferred embodiment of the 
invention: - -.'c- ' - « ^ i - ■ ^ 

Detailed Description of> the inventton j^ v 

Definitions 

, '^torthe ptrrpcseofthe present invention, 'slurry re- 
/•aQtDl'* designates any reactor,, such as a continuous or 
"Simple -batchtstirred^nk' reactor or bop reactor, oper- 
.-.ating-Jri bulk orslurry and in whichrthe' polymer forms in 
rp^rtteuiate fDrm4J*Buik' means a polymerization in reac- 
tloa-nribcHum thatxomprises at least 60 wt-% monomer. 
•Accofding^o a preferred embodiment the slurry reactor 
corhprisBs a ^ulk'loop reactor. > 

By "gas phase reactor" is meant any mechanically 
; nrrix'ed.ot fluid bed reactor.; Preferably, the gas phase re- 
actor comprises a mechanically agitatec- fluid bed reac- 
' tor with gas velocities of at least,0.2 m/sec. 

K-^ "High temperature polymerization* stands for po- 
iymerlzatton temperatures above a limiting temperature 
. of 80 ?C known 1c be ha,Tfnful for high yield catalysts of 
relat d prior art. At high temperatures the st r ospecif- 
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icity of the catalyst and the morphology of the polymer . 
powder can be lost. This does not take. place with the 
particularly preferred type of catalysts used in the inven- 
tion which is described below. The high temperature po- 
iyrrierization takes place, above the limiting temperature . 
-and below the corresponding critical ternperature of the 
• reaction medium. r : ^ 

^: •Supercrltcal polymerization' designates polymer- 
ization that takes place above a corresponding critical 
temperature and pressure of the reaction medium. 

By "direct feed* Is meant a process wherein the con - 
rtent of the slutry reacto/cthe polymerization product and 
reaction. niediu(Ti. is le^ directly Xojbe next stage gas 
phase reactor fluldized bed. f ' . . < 

By 'indirect feed" is meant a process wherein the 
content of :the slurry r(Bact^)r-is fedHnto the gas phase 
reactor fluidijred bed, the polymerization product via a 
reaction medium, separation unit and the reaction medi-. 
urn as a gas from the separation unit. Before the reaction 
medium is entered into the gas phase, some compo- 
nent, .e.g. hydrogen, can be fully or partiaHy removed 
therefrom with various technical means, such as mem- 
branes. * ' . . 
/ ; ."Separation; unit" means a unit operation wherein 
some light components, e.g.:hydrog^n. or .optionally ni- 
trogen, can be separated from monomer(s) fully or par- 
tially with various technicaJ meansfsucK as membra 
distillation, stripping or vent condensing. 
■ "Reaction zone ' stands for one or several reactors 
of similar type producing the same type. oDcharacteris- 
tlcs of polymer connected in the series: / .. 
, . ,i The expressions' "essentially without mionomer re- 
oycling'v and fwith minimum or no monomer recycling" 
are synonymously used to indicate that less than 30 wt- 
%i preferably-less than, 20 wt-%, irr particular 0 wt-% of 
the monomers of the.slurry. reactor feed areTecycled to- 
the slurry process. By contrast, in conventional process- - 
es normally 50 wt-% or more of the slurry process feed; 
is recycled-back to the slurry, reactqrct ^ /j ^ '■ \ 

The overall process \. J 

y .The:present invention cor^e/ns csmultistage proc-^ 
essiconsistingof a buik reaction.zons including at least 
one slurry reactor, and a gas phase- reaction zone in- 
cluding at least one gas phase reactor- The;gas phase 
reaction zone is arranged in cascade after &t least one 
slurry reactor with a minimum or nt> recycling of mono- 
mer back to the first, reactor and with direct f esc' or indi-. 
rect feed to the gas phase for.homo-or copplymerizing 
propylene. l-^ 

In* the direct feed* process the content of the slurry 
reactor, the polymerization product and reaction medi- 
um, is conducted directly to the fiuidized bed reactor. 
' The product outlet from the slurry reactor can be discon- 
tinuous, or preferably continuous: The slurry ^s led to the 
gas phase reaction zone as such without separation of 
any gases or particle streams based on different particle 



, ' size. No particles are returned to the loop. Optionally. 
. • Xhe line between the. flurry react r and the gas phas 
reactor can be heated in order to evaporate only a part 
; or all ofithe reaction: medium before it. enters the gas 
5.. phase reactor polymer bed. 

In.the indirect feed to the gas. phase process the 
. content of .the. slurry reactor is led first into a reaction 
- medium separation unit. The polymer is conducted into 
. the gas phase reactor fiuidized bed from said separation 
10 unit. The off gas Uqm the separation unit is lead into the 
gas phasereactor.in gaseous form. However, before en- 
tering the gas phase the off gas is tullyior partially freed 
from, e.g. hydrogen, with various technical solutions e. 
v.. g. membranes pr stripping. Altematively the off gas can 
75 be. condensed/ and optionally hydrogen or other light 
components can be removed before the liquid monomer 
. V , Xfed into the gas phase reactor. Gaseous monomer can 
. tie fed into any.suitable.place in the gas phase reactor, 
e.g. reactor circulation rline.^ or directly into the reactor 
20 The liquid monomer can be fed optionally into the poly- 
v:_ . mar toed above ttae distribution plate, e.g. into the pow- 
. dar feed linev or. into the circulation line before or after 
. . r the circulation coolerv v"* > - t 

. . The-reaction Iscontinued Jn the gas phase reactor 
25 (s). Monomer entering the gas phase from the slurry re- 
actor is part of the reactor gas inventory until it is con- 
. . .yertedvinto thepolymer - r 

' r . :ln1wo,reactor operation the polymer leaving the gas 
r - ' . phase reactor with the outtet system eaters a solid/gas 
: separation unit; -Rie polymer fronr^ the bottom is' fed to 
.-further processing steps andthe gas is compressed and 
r: • J cipculated^back:ta'the.gasfphase reactor atter purifica- 
' : c ; tion, steps: Typically light, inerts, such as .methane and 
ethane, and heavier inerts such as propane and oligom- 
;?35,t^.r^csfare.c6mc»/ed:in these purificatton steps. The purifi- 
fr ?catiorr^can be( performed with distlllatton or membrane 
-m;.:^ >i^.eparation.. In case of distiltetioa the monomers are cir- 
v:;c^]at6d::back-to the.gas.phas6^reactotrnairaly as I'quid. 
./;c:j9 f - .limthreo reactoT- operation the pcly^er leaving the 
40 1st gas phase reactor with the outlet -.sjrsiem enters a 
solid/gas separation unit. The polymer from the bottom 
.1 • £? ,is fed further to" 2nd ;;ga3. phase, reactor/ and the gas is 
lr;.; compressed and circulated back tp the; 1st gas phase 
: J '. ireactof \ after -purification. steps. Typically jlight inerts, 
4S . sucfT.as methaneiartd ethane, and heayier inerts such 
I : r.as propane and oligomers are removed in these purifi- 
cation steps. The purification can be performed with dis- 
' . " tillatton or membrane separation. In case of distillation 
. the monomers are circulated backttothe.gas phase re- 
Sp;.. actor mainly. as^liquid. , * u 

Optionally in three reactor operation the polymer 
• . :j . leaving the 1 st gas phase reactor with the outlet system 
• 'enters^theL2nd gas phasQ^reactor directly- with the ac- 

. -.companying'gas.' . , ■ , • . :• 

ss In three reactor operation the polymer leaving the 
. ^ 2nd gas^ phase reactQr with the outlet system enters a 
solid/gas separatioaiunH. The polymenfrom the bottom 
is fed to further processingtsteps and-the gas is com- 
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presssd and partly circulated back to the 2nd gas phase 
reactor directly, partly after purification steps. Typically 

( light inerts, such as methane and ethane, and heavier 
Mn rts such as propane and oligomers are removed in 

; these purification steps. The purification can *be per- s 
formed with distillation or membrane separation. In case 
of distillation an ethylene rich stream Is circulated back 
to the 2nd gas phase reactor^and a propylene-propane 

. stream is fed to propane and:oligomers removal steps. 

The polymerization products are obtained "by using io 
a catalyst. The catalyst can be any catalyst providing 
adequate activity at elevated temperature. The pre- 
ferred catalyst system used comprises a high yield Zie- 
gler-Natta catalyst having catahyst component, a co-cat- 
alyst component, an external donor and. optionally, an 'i^ 
internal donor. Another preferred catalyst' system is a * 

' metallocene-based catalyst having bridged ligand ' 
structure giving high stereoselectivity, and which is im- 
pregnated on a carrier or support in the form of an acti- 
vated complex. :* - ^ 20 

The polymerization temperature for horhopQlymers 
is at least 80 'C and for copolymers at least 60 •C pref- 
erably at least 65 *C. Thft slurry reactor is operated at 
elevated pressure at least 35 bar up to'l 00 bar, and the - 
gas phase reactor(s)- at least 10 bar up to dew point 2S 
pressure; Alternatively any reactor of the reactors in the 
series can be operated above the critical temperature - 
and pressure, as described in. for example, Fl Patent 

'^Application^No. 954814: : :f 

i Propylene and optionally one or more oth^r C2 to 30 

olefins.^e.g. ethylene, 1-butene, 4-methyl-1-pen- 
.. tene, Irhexene, dienes, or.cyclic olefins, are subjected 
;tO'polymerizatk)n;and copplymerizatlon, respectively, in ' 
aj plurality of pwlymerization reactors^ connected in se- 
Ties. The optional olefin(s) can beused-injany of'thtf re- ^ 
actors. Different amounts of hydrogen'canibditfsed as ^- 
arnblar nT^iss modifier or regulator in any^or 'every reac- 
tor: 'c " . , ' ' ■ ' -r. x.-^v/ jr^ 
^ ;The desired honno- or copolymers of propyteine can ^ "^^^^ 
be recovered from the flash or product outlet tank ofthe * 
gas phase reaction zone. 

The catalyst 

The polymerization products are obtained by using 
a catalyst. As catalyst any stereospecifrc catalyst for * • 
propylene can be used, which has high yield and useful 
polymer properties e.g. isotacticity and morphology at • 
the.high temperature and possible supercritical polym- - 
^erization. . ... >■ ; -^v.i a '•■ \so- 

The preferred catalyst: systern Used comprises a ^ . ' 
high yield Ziegler-Natta catalyst having catalyst compo- • 
hent. a cocatalyst component, ^optionally, an extemal 
donor and an internal donor Another preferred catalyst . . 
system is a metallocene catalyst having a bridged ligand ss . 
strjcture giving high stereoselectivity, and which has an : 
active complex impregnated on a carrier. Finally, the cat- l 
alyst is preferably any other catalyst providing adequat 



activity at elevated temperature. * ' 

Examples of suitabi systems are described in, for 
example.' Fl Patents Nos. 86866, 96615 and 88047. 
88048 and 88049. 

One particularly preferable catalyst, which can be 
used in the present invention is disclosed in Fl Patent 
No. &8047. Another preferred catalyst is disclosed in Fl 
Patent Application No. 963707. 

A catalyst systern useful in the present process can 
be prepared by reacting a magnesium halrde compound 
with titanium tetrachloride and an intemal donor The 
noagnesium halide compound is for example, selected 
from the group of magnesium chloride, a complex of 
magnesium chloride with lower alcohol and other deri- 
vates of magnesium chloride.' MgCl2 can be used as 
such or it' can be combined with silica, e.g.] by filling 
pores of the si/ica with a solution or slurry containing 
MgCl2. The lower alcohol used can be preferably meth- 
anol or ethanol,' particularly ethariol. ^ 

The titanium compound used in the preparatbn of 
the procatalyst is. preferably an organic or inorganic ti- 
tanium compound, having an oxidation state of titanium 
of 3 or 4. Also other transition metal compounds, such 
as vanadium, zirconium, chromium, molybdenum, and 
tungsten compounds can be used or mixed with the ti- 
tanium compound. The titanium compound usually is 
halide or oxyhalide. an organic metal halide, or a purely 
metal organic compound, in which only organic ligands 
have been attached to the transition metal. Particularly 
preferable are the titanium halides, especially TICI4. 
Preferably the titahatlon meaning catalyst carrier treat- 
ment with TiCl4 is carried out in two or three steps. 
The alkoxy groiip of the phtalic acid 6ster used com- 
• prises at least five carbon atortis, preferably at least 8 
-t^rbon atoms* Thus, as the ester can be used for ex- 
!'aniple propylhexyl phthalate, dioctyl phthalate. ^dionyl 
phthalate. diisodecyl phthalate, di-undecyl phthalate, 
driridecyrphthalate orditetradecyl phthalate. The molar 
ratio of phthaiic acid ester and magnesiurh halide'is pref- 
*''erably 'about 0.2*'"* 

The catalyst prepared by the method above is used 
- together- with an'orgahometallic cocatalystand with an 
-'extemar^ddnbr-ttie'e)rte donor haslhe 'general 
'fornlul£>' *''^— - '»V : " c . 



Whereth .R and^R"dan be the same or different and in- 
deperideht^y represents a linear, branched or cyclic 
aliphatic, or aronrJaiic group. The aliphatic groups can 

* b9 saturated or ^unsaturated. As examples of- suitabi 

• linear' Ci.i2 'hydrocarbons, methyK' ethylr n-propyl, n- 
butyl and n-octyl can be mentioned. Saturated branched 

ajkyi groups are represent d by isbpropyl, isbbutyl, 
isopentyl. tart-amyl, and neopentyl. Cyclic ^aliphatic 
.groups [containing -4 to 8 carbon atoms are, e.g. cy- 
clopentyl, cyclohexyl. methyl cyclopentyl and cyclohep- 
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tyl. In the (onmula, n is an integer 0 to 3. m is an integer 
O .to 3 and n + m is 1 to 3. 

J * /Strongly co-ordinating donor' designates donors 
which forms relatively strong complexes with catalyst 
surface, rpainty with MgCl2 surface in the presence of 
aluminium alkyi and TiCl4. The donor connporients are 
characterised with strong cpmplexation. affinity towards 
catalyst surface and a sterically large and protective hy- 
drocarbon (R), Typically this:>ind of doriors has the 
structure . , . j . ^ 



R'=Si(OMe); 



4.n 



wherein R'iG^b ranched aliphatic or cyclic or, aromatic, 
group,. and n,is \: or 2, preferably 2. [MakrqmorChem.. 
192 "(1991) p. 2857^2863. Harjk6nen. et.al J Use of this 
.kind of donors. yyill result in highly Jsotactic PP. . 
Another group of.such donors are 1 .Skjiethers 

• R*C(COMe)2 • 

.wherein R'ls branched aliphatic or cyclic , or aronnatlc 

group- . r ; . : V 

Generally. with all donoi:s strong corordination with 
. MgClg requires ar>,oxygen<)xygen distarice of 2.5-2.9 
A.. [Macromol. Symp. ,89,^(li995) p. 73-89) Alb izzati et. 

Jnparticular, the external donor is selected from the 
group consisting of f dicyclopentyl cjime^thpxysilane and 
dl-t-butyl dimethoxysilane. . , t i 
, , - An organoalumiriium compounid is used as a cocat- 
alyst, The^organoaluminjum compound is preferably se- 
lected from the group cpnsisting of trialkylakjrtiinyjmi di- 
alkyl' aluminium chJoride and alkyl - aluminium ses- 
quichlqride, . , . , - , - v *r 

• A catalyst,; which can optionally be-, used in the 
^present invention is disclosed^in FI Patent Applications 
Nos. 974621 i 974622. 9746123af:idln POX/FI97/00.t91 
,and.PCT/FI97/0Q192,^ . : . ; f. i r- 

Opjtionally any^metaltocene^catalyst- cap^leiof 

.^^lyzing.the high andlow or^medrunvrriQjar 
can be used. The hydrogen sensitivity of j,the..metal- 
locene catalyst can be up different from that of a Ziegler- 
Natta catalyst which means that different hydrogen con- 
centrations can be employeb in the reactors. 

The metallocene catalyst comprises a metallocene/ 
activator reaction product impregnated in a porous sup- 
port at maximunn internal ppre volume. The: catalyst 
complex comprises a ligand which .Is typically bridged, 

. and a transition metal of group,IVA." VIAr.tbe catalytic 
metal is typical|y a halide, and aluminium alkyL The lig- 
ands can belong to group of cyclic or heterocyclic sub- 
stituted or unsubstftuted compounds, e.g. cyclppentadi- 
enyls, Indenes. or any other bulky compound wNch can 

.control the stereoselectivity of ^the catalyst;. especially 
wheo ligands are bridged together with slJane or other 



JO 
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chemical bond. The activator is selected from a group 
. in which are derivates of water and aluminfum alkyls e. 
g. trimethyl aluminium, triethyl aluminium, and tri t-butyl 
aluminium, or- another compound capable of activating 
the complex. The melaHocene/activator reaction prod- 
uct, a solvent capable of dissolving it, and a porous sup- 
. port;are brought into mutual contact, the solvent is re- 
.moved^andthe porous support is impregnated with the 
metal locene/activator. react bn product, the maximum 
amount of which corresponds to the ppre volume of the 
, support, cf. International PCT Application No. PCT/ 
FI94/0CW99;.- , . : • . , I 

: Propolynjorjrqtion . ' . i 



; • .: v.Thecatajystcarvbeprepolymerized prior to feeding 
/ -r , . intathe fir^t polymerization reactor of the series. During 
prepolymerizatipn the catalyst components are contact- 
; > ed with a monomef. such as an olefin monoiner, before 
20 feeding into the reactor Examples.of suitable systems 
, : are cjescf it>ed in^for example, Fl Patent Application No. 
. F! a611.52; v . . 

: It is also possible to carry out the prepolymerization 
fin the. presence, of a viscous substance. >such as an 
25 „olefinic wax, to pfovide a prepolymerized caftalyst which 
. is ,stabHe:during storage emd handling. The catalyst pre- 
, : :pplynae/ized in wax will allow for easy dosing of <he cat- 
:alyst into the polymerization reactors: Exannples of suit- 
able systems are described in, -for. example; Ft Patent 
. 30 No.x95387. 32. Typicallyjabcut 1 partof catalyst is used 
, . ; : f Of a maximum ot 4 parts iof polymer. - ; 

... The monomer used for prepolymerization. can be 
r. ,v>^. selected from the group consisting -^f -propylene, 
; 3 Mi d -butene,; 4^methyl-l-pentenei: 3-methyM *butene, vi- 
^^r^inylcyelohexane^ . cyclopentene, .1-hexerie, T-octene, 

ba^d'-lKiiacene. N.^ ;:v- ) ■ .r^ri: 

.vc ^r; ^^ne v^Jhe^prepolymerizatton can be performed batchwise 
in wax or in a continuous prepolymerization reactor or 
, .fc,'j .orjlcN?i.conti*^uousplugfiowtypeprepolymerization reactor. 

Polymerization 

The invention is based on the combination of at 
; jeasti on e.s lurry -reactonand atleast-one gas phase re- 
: / uj vacstorconnected in series; called a cascade. 
: : . The equipment of ithe polymerizationistep can com- 
/^xprise polymerfeation reactors of any suitable type. The 
. : slurry reactor ean:beiany continuous or feimple* stirred 
so batch tank reactor or loop reactor operating in bulk or 
. T rslurry.andiha poJymerfprms in^particular^form inthe re- 
. -.racto.r.Bulkxneans a polymerization in reaction medium 
<hatcorTlprises'Of at least 60 % (w/w).monomer. The gas 
. . phase reactor can be any mechanically'mixed or fluid 
* 55 bed reactor, -Accocdingito thepresenlinvention'theslur- 
- r .ry reactor Is prefer^sly a bulk loop reactor and' the gas 
* . phase reactor is a flutdized^bed type reactor with a me- 
'Chanical stirrer. V , i . - 
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Any reactor in tha prcxess can be operated in super ' . reeoveririg the polymerization product from the third 
critical polymerization conditions. ■ » ? ' : - or fourth reaction zone, and 

The production split between the slurry reactor and • separating and recovering the polypropylene from 
the 1 St gas phase react r is typically'67: 33-50: 50 when • the third or fourth reaction product, 

monomer recycling back to the slurry reactor is allowed, s . • . . 

By contrast, the product! n in the slurry reactor is less In the first step of the process; propylene with the 

than or equal to the production in the first gas phase optional cdmonomer(3) together with the activated cat- 
reactor when no recycling back to the slurry reactor is * alyst complex and optional cocatalyst and other aid 
required. In all the cases the production in the slurry re- components are fed into the first polymerization reactor 
actor is more thanMO %. Thus, according to a preferred io » Along with these- components hydrogen as a molar 
embodirtient. 1 0 to 70 wt-%, preferably 20 to" 65 wt-%, mass regulator can be fed into the reactor in the amount 
in particular 40 to 60 wt-% of the pblyiTier is prepared in required for achieving iho desired molar mass of the pol- 
the slurry reaction zone and no monomer is recycled to ymer. In the embodiment of no circulation back to the 
the slurry reactor zone. When 50 %to 67 % of the pol- ' : slurry reactor only fresh monomer is fed into the first re- 
ymer is prepared in the slurry- reaction 2bhe, a small ts actor.. , - ' , - . 

amount of the monomer can be recycled to^ the slurry : Alternatively, in lhe embodiment of minimum recy- 
reactor from the gas phase reaction zone. . cling of the monomer back to the slurry reactor, the feed 

" - Accordihgtotheirivention, thepolynnerizationproc- ' ' of the reactor can consist ofthe recycled monomer from 
ess comprises at least the folfowirrg steps of : - the following reactor(s). if any, together with added fresh 

20 monomer, hydrogen; optional comonomerCs) -and cata- 

subjectiifig propylene and optionallv'other olefins to ' * < ' lyst components. • * . ' - 

' - ' polyhnerization or cofpotymerization a first slurry 5' • Therecoverysection is designed to recover propyl- 

polymerization zone or reactor, 'f^* - * ene and ethylene and to recycle recovered components 

- recovering the first polymerization jDroduct from the ' • to the first stage' gas -phase reactor, second stage gas 

'first reaction zone with the reaction medium, 2S phase reactor and/or the loop reactor. Another feature 

directly indirecly feeding the first polymerization , ;.of the recovery dectbn is to remove light impurities 

product into a gas phase polymerization zone or re- < which are catalyst poisons (e.g. CC), inert components 

• 'actor- < i : i (me'.hane, ethane, nitrogen etc.) and ^also* to remove 
v .. optionally feeding' additional propylene and/or' pr-opane, heavy hydrocarbons, cocatalyst and oligom- 

' • comoriomer(s) to the second reactiori zon6i so ers. l ' : ; • 

' isubjecting the excdss propylene dnd/br comono- : K is an ctoject of the present invention to minimize 
mers fronri 1st zdne and additional propylene and/- .the arriQiint'of uhreadted monomers which need to be 

• or comonorhei'(s) to a'second poiynrierization reac- ' recycled. This aim is achieved by the specific sequence 
' tion in the presence of the first polymerization prod- • of reactors and by selecting the relative amount* of pol- 

^' ' uct to produce a second polymer izatioh ^-pTdauct; 3S ymer produced in each reactor with that object in mind. 

• recovering the polymerization product fr^trt>=6econd ^^j' j The advantages thbreof are two-fold: the investment 
' reaction zone. 'arid'- - f • = * J - o il L': . arid operation cost of the recovery section is greatly re- 

... ."'separatiTig arid recovering the polyprOjiytes e from - ' ' duced and theSe-features allow for more independent 
the second reaction procuct: - ^ . n. ! V.-r ^ .'control bf the composition of the first two reactors, since 
i.:-;'i.^V; ' ^ \ . i r 40 no or Very little reaction medium ffom the/'secondteactor 

' » Addriior>aIlynhe process cfan aliso'comprije-one or .'^ • is circulated back-rto.the first reactor* . . 
rfibre of4he following additionahsteps *' / c; - ^ j .. In the smbodiments of no or minimum recycling 

u'^ . I :.. ; . . :) m - > ^ v. back toiheislurryraactor.there are two operational cas- 

. ' r propoiymerizing catalyst with one or more mono- • j •es:1:ahd2 for the'^recovery section as described in the 
mer(s),^' ' ' = ' . : ' 3 . . >' . ^s.^cfollowing.^ The use of distillation for the separation of 

'separatirig gas from the second, reaction zoneprod- -ccr flights and heavies from the monomer(s) and for the sep- 

* uct, ' ^'r.:^' - . . ' aratibn^of one monomer from another is- common engi- 
. ' feeding the rec6ver3dpo;ynr>erization product of the neerL-^ig practice: . ' , . — j 

• earlier 'Zones to a third or fourth reaction izone or - ' r > , • < 

• reactor, ' ' : m ■ . ^ , >f : i' =50 ' i; Reoove'ry.- in 'Case of two reactor operation: 

• optionally feeding - additionar propylene, iand/or . :• ^ ; ■ . - . » 
comonQmef(s) to the third and fourth reaction zone, ■■ The gas leaving the gas phase reactor with the 

• *■ subjecting the 'excess priDpylane and/or comono- . : product is compressed with a compressor to a distil la- 

merCs)"^ and additional propylene and/or* comono- tion column, here called heavies column, 
mers to third arid fourth polymerization reaction in : 55 . .Purgs:gas; if any. from'the gas phase reactor pres- 
' the presence' of the polymerization product of the . ■ sureicontrol along v/ith the compressed gas Is fed as 
eariier zones to produce a third of fourth pclymeri- vapour to the heavies column, wherein the heavies, co- 
• zation product, and. * ' v " xatalyst- and oligomers are removed from th bottom 
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and light impurities and inerts from the top. The bottom 
product of the heavies column is sent to treatment/dis- 
posal and non-condensable lights are treated in a proc- 
ss section wher monomer- is. recovered and, option- 
ally, a hydrogen containing stream is r covered or sent 

..to e.g.. a riearby cracker or flared. . 
• . Depending on the particulan polymerization recipe, 
there is a possibility that cooling. of :the heavjes column 
condenser with water is not entirely satisfactory. I.e. it 
may lead to. high off.-gas .floyy arid.t thus, unacceptable 
monomer losses. This problem can be sqlyed by cooling 
:the condenser with a refrigerant stream so that con- 
densingjtakes plage at ternperatures below normal cool- 

^ing water tempe/atures. HQwever,- using a refrigeration 
system for the whole condenser duty results. in high op- 
eration costs and high investment costs for the refriger- 
ation equipment. Therefore. -and as an alternative or 
complement to distillation,- the off-gas stream jcan be 
treated in a number of ways^^to minimize monomer loss- 
es and operating costs: For example, the stream can be 
treated in a separation unit, which can be (A) a so-called 
vent condenser, wherein the off -gas stream is partly 
condensed with refrigerant at temperatues below nor- 
mal cooling water temperatures,, or (B) a membrane 
unit. - V ' 

. The advantage of (A) is that the rnrmin cooling duty 
is provided by cooIing..water.in.the primary condenser, 
only the non-condensable fraction is passed through a 
refrigerated condenser. This decreases operation and 
investment costs of the refrigeration equipment. 

The advantage of the preferred solution (B) ie that 
the use of .ref rigeration can be avoided altogether and 
a.very high percentage of the monomers In the. off-gas 
can be recoyeredtAIsa a. hydrogen-rich stf earn can be 
recovered. ' u », ; = :^ . -.r- ^ 

' Still, alternatively, this off.-gM.stream:can=be com- 

.bined with.cracker. streams Jrhcase of an integrated 
plant.)Afurtheralsoprefen:ed solution comprises return- 
ing a naajor.part-of the off-gas stream toithe gas phase 
reactor with an;off-gas;CCffnprassor:^' ' ; ^ v^v 
The purified, conde^ised recovery; stream is taken 

.from heaivies column condenseDand the stream is re- 
circulated to the.lst gas phaEsa i:eactQr .through reactor 
propylene fe8d.system: ln.ca&e'proparlQ starts to accu- 
mulate in the systemi^high propane content in fresh pro- 
pylene), part of the recovery streamfrom the condenser 
caabe sehtlo, e.g., apropylene/propane^splrtter: where 
propane is removed and propylene Is^recoverad. 

In the embodiment of minimum circulation back to 
the slurry reactor part of.thejsendensed- recovery stream 
is circulated back to the loop reactor. The selection 
whether to circulate ^ack to the eturry reactor depends 
on the production rate ratio between' the slurry reactor 
and the gas phase reactor 

In case thegasirom the.gas phase r;eactor contains 
a very high hydrogen concentration (as a result of the 
preparatiorv of. e.g.. broad .MWD homopoJymers), it is 
possible that propylene canr>ot be recovered as liquid 



distillate from the heavies column condenser, because 
that stream would contain too much hydrogen- (part of 
: , -u^ that stream would.go into the loop reactor in case of min- 
. imum circulation). In this ease, propylene is recov red 
5^ • as a side-stream from the column. 

r : 2. Recovery in case of three reactor operation: 

In case :of impact copolymer production, i.e., when 
. '0,-. the polymerization is continued in^a second gas. phase 
.'V ceactor.'the-.operation of the recovery section is as de- 
. .scrit^ed iri>the following. The nnain difference to the two- 
. reactor operation is an additional column, which is need- 
led for separation of .ethylene from propane and propyl- 
' : IS ene contained in the outlet gas of the second gas phase 
reador ■ v;;. ^ ' i . ■ : 

The gas leaving the second gas phase reactor with 
:^ product is compressed with a compressor and conduct- 
ed to a distillation column, here called the ethylene col- 
20 umn. 

Purge! gas. If any, from the second. gas phase reac- 
. - tor: pressure, control along with the compressed gas Is 
fed as vapour- to the ethylene :column. Ethylene rich 
- ^ : streams frorti the ethylene column condenser are recy- 
25 cled'back to the second gas phase reactor and propane 
: . and propylene ara removed jfrom the bottom. Both the 
possible condensed liquid distillate and the non-con- 
densed vapour (after off -gas separation) from the con- 
^denser are: recycled back: tojhe second gas phase re- 
30 actorr A part of ithe nor\-condensed vapour is remov d 
, : as otf-gas to remove light inerts and possibly hydrogen 
r; ,frpm thQt second igas phase reactor 

, . Foe this purpose,,the nori-cpndensed stream.can be 
jOKi ftrsated. in, a :prQce3S' section where moriomer Is .recov- 
^.iiiteEed^djoptipnallysthe hydrogen containing stream is 
trioo^«ec(0vered-,or sent to e.g. .a neart?y cracker or it is flared. 

The objects, benfits and preferred splutipns.forthis proc- 
*^ j D@$s^actipn are the same as described eariier in the case 
of heavies colunr\n .nontcondensabl.e stream. 
40 In ail of the embodiments the presence of propyl- 
'o 'a:; "?ena, voptionaLcomonomer(s)» cocatalyst and other aid 
components,; the activated catalyst .complex v«ll polym- 
erize and form a product in particulate form in the slurry 
i ^reactofifi. a- polymer particles,- which ^a/e suspended In 
4S the fluid circulated through the reactor.^ . : 

..The polymerization medium typically comprises the 
monomer and/or a hydrocarbon, and the^fluid is eith r 

- rliquid or gaseous.-ln the^se of slurry reactor, In partic- 
'-'K ular a loop reactor,, the fluid isJiquid and the suspension 

so of polymer is circulated continuously through the slurry 
: : '^ reactor.'Whereby more suspension of polymer in particle 
„ J . fofm:in- hydrocarbon medium or monomer will be pro- 

- :duced. According to preferred embodiment, the first po- 
: • lymerization or copotymerization reaction is carried out 

' S5 . . irva reaction medium mainly consisting of propylen . At 
r . 1 *. Ieast;60 weight percent of the medium, preferably more 
than 90 wtr%. is propyfene. , . 

The conditbns of ther slurry reactor are selected so 
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. that at least 10 wt-%, praf rably at least -12 wt-% of the - . 
whole production is potymerised in the first slurry reac- - 
tor. The temperature is in the range of 40 to 110 "C, pref- 

.erably in th range of 50 jo 100 ""C, and .even m ro pref- ' , 
erably for homopolymers 80 to 100 **C and for copoly- 5. 

. mers of high compnpmer content 60 to 75 'C and for 
copolymera.wrthhigh connonpmer randonnnesa 75 to 85 
.".C.tThe reaction pressure is in the range. of 30 to 100 i 
bar. preferably_35 to 80 bar, based on the vapour pres- 
' . sure of, the reaction rnedium. - io 

In slurry polynnerization zone;more,than one reactor . 
can be used in series. In such a case the polymer sus- ,r , 

. pension in an inert hydrocarbon or in monomer pro- 
duced in the .1 st slurry reactor, is fed yvithout separation 
of inert.conriponents and monocners. periodically or con- . 
tinuously to the following slurry reactor, which acts at • ; 
lower; pressure than the previous slurry reactor 

The polymerization heat is removed by- cooling the, . 
reactor with a coolingjacket. The residence time in the 
slurry reactor must be at lest 10 minutes, preferably 20 
20-100 min for obtaining a sufficierit degree. of polymer- r' 
ization. This Is necessary to achieve polymer yields of > > 
at least 40 kg PP/g cat. It is also advantageous to oper- 
ate the slurry reactor witfr high scHd coricentrations, e. 
g. 50 % for homopolymers and 35 or 40 % for. some co- 2S 
polymers when the particles are swelling. If the solid 

^ccnGentrationjn the loop reactor is too low, the amount 

3 ct reaction rnedium conducted to the second reaction 

czppe or ^as phase reactor .is increasing.^ 

A ; In the-direct feed prcxjess the content of the slurry :3q. 
reactor, the polymerization product and ^reaction medi- 

^ unrij is led directly to the next gas phaseTeactorfluidized 
bed.r If the first-polymerization reactbn is carried out in . - 
the presence of hydrogen, then the pressure of the first 
RPlymeiizaliort. product including the reaetiqn mediujt» \B[t^'^§ 
optionally reduced after . the reaction; zone in order to 

•evaporate volatile components of jhe.iproducts, e.g. in.^f,.; 
. :a:flash tank. The polymer isjed into th%gas phase re-^^.^liy. 
actp/lluidse^ bed. The off .gas from the separation unit- r 
is lead to the gas phase/eactprln gaseous form (ind'rect 4o 

feed): Before lentering.the gas phase, reactor some com-^^v ^ 
;ponentee;g.;hydrogon carvfully or.partially be removed -i.cit i 
r.frpm. the, pffrgasifronri: the -separation^un.it with various;.; 
.technicaLsclutions.-^ - ■ ^ , , . 

r- The second reactor is pref erabJy a gas.phase reac-,; 45 
tor, wherein.propylene and optionaliy,compnomer(s) are = 
polymerized in reaction medium which .consists of gas 
f or vapour -. - ' ^ ,r . - . - : . ^-..t 

The gas phase reactor can be.an ;prdinary fluidized^ , y 
bed reactor, although other types of gas^phase reactors so 
.*canj3efUsed„-fn^.tluidized:bedreaetor,fthe . 
•of-,thoJormed and growing poly rner- particles as well as 
still active catalyst come along ^^ith the polymer fraction 
from the 8lurry;,reaetpr.^The bpd. is- kept, in a fjuidized . 
state by Introducing ig^seoue. components., e.g. mono- ss 
mer on such flow rale (at least 0.2 nr^s) which make the 
partkJies act as a fluict jhQ^fluidizihg gas can contain 
.also inert gases, like nitrogen, end also hydrogen as a 



modifier.' In the invention it is not recommendable to use 
unnecessary inert.gases. which may cause problems in 
the recovery section. . 

- The gas phas reactor used can be operated in the 
temperature range or 50 to 115 'C. preferably between 
60 and 110 *C and reaction pressure between 10 and 
40 ipar and beloyy the dew point.,The partial pressure of 
the monomer is pref erably. betv/een 2 and 40 bar or 
more. : ' . ■ - . 

According to one preferred embodiment, no fresh 
propylene is fed to the first gas phase reactor .other than 
. what is required for various flushings. 

. The pre^ure of the second polymerization product 
. including the gasepus reaction rnedium is then reduced 
after the first gas phase reactor in order to separate part 
- of the gasepus and possible, volatile components (e.g. 
heavy eomonpmers .and compounds used for catalyst 
feeds) of the product e.g. in a flash tank. The overhead 
gas stream is recirculated through the recovery;system 
back to theifirsjt gas phase reactor or partly to the first 
gas phase reactor: and partly to the slurry reactor 
f If desired, the polynnerization product can be fed in- 
to a second gas phase reactor and subjected to a third 
polymerization reaction to produce a modified polymer- 
, ization product from which the polypropylene Is sepa- 
rated and recovered. The third polymerization reaction 
is carried out in a gas phase reactor in the presence of 
comqnpmers which give the third polymerization prod- 
uct properties e.g. improved irripact strength, ductility or 
softness. Typically part of the, gases coming from the 
first gas phase reactor are removed in a pressure re- 
fduction step before the second gas phase reactor. The 
removed gases are compressed to the recovery section 
and handled as already described in the two reactor 
case. Alternatively, the: second prpduct can be trans- 
ferred djrectly to the third reactor.- 
■'r : lt,iis further possible to transfer the.product of the 
thjrd reaction to a fourth pplymerizatiori reaction wherein 
polymerization, is carried put in the presence of comon- 
omers which give the tpurth polymerization product 
properties ^e.g, improyed stiffness to innpact balance or 
stress yvhitening, or, white, blush properties, ductility or 
:i softness.^-'- . . J, 

Generally.tif cppply mers are produced by means of 
ftha present invention .they contain at least 0.5 wt-% of 
cprT)Qr)qfner(s>, in ,partk;ulac at least about 2 wt-7o and 
preferably up to 20 wt-% of at least one comonomer A 
typical cornpnp/Tier content of a copolymer fed to the first 
gas phase, reactor .is, about 2 to 16 wt-%. The copoly- 
mers produced can exhibit properties of high random- 
^ ness (v^ery soft copolymers). 

If desired, the polynnerization product can be fed in- 
to a second gas phase reactor in which a rubbery co- 
polymer, is provided by a third (co)polymeri2ation reac- 
tion to pi'oduce a modified polymerization. product. This 
third polymerization reaction will give the polymerization 
. product properties of e.g. improved impact strength. The 
step of providing an elastomer can be perfomed in var- 
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ious ways. Thus, preferably an elastomer is produced ' ' • ' 'atapressureof 40to60bar, atatempdratur of 60 
"by copolymerizing at least propylene and ethylene into '* • to 80 "C and hydrogen is used to'provide a polym- 
an elastomer The conditions for the copofymerizatlon - • ■ erizatlon product having the desired molar mass, 
are within the limits of conventional EPM production - * ^ - the polymerization product from the loop r actor is 
'Conditions such as they are disclbsed. e.g., in Encycio- ^' 5 • conducted directly to a gas phase reactor fluid bed, 
IDedia of P'ofymeh Science and Engineering, Second Edi- - optionally additional propylene and cbmomomer(s) 
tionr Vol. 6Vp.54S-55e: A-rubbery product is formed if are fed to the gas phase reactor, 

the ethylene repeating unit content in the polymer lies • - bptibnall additional hydrogen is fed to the gas phase 
within a certain range. Thus, preferably, ethylene and ' - 'reactor-to control the hydrogen-to-propylene ratio 

propylene are copolynrterized Fnto an elastomer in such io to provide desired mblecutar mass of the polymer- 
ia ratio' that the copolymer contains fronri iatO 70 % by " - izatibh product. 

weight of eXhylQhe units. In particuliarr. the ethylene unit i *^' the -potyrnerizat ion product is recovered- from the 
content fs from 30 tb SO % by weight ofihe copolymer gas phdse Yeatdtor and conducted to a flash tank, 

propylene/ethylene efelstorner In other wb^ ' • wherein' the pressure, is reduced to produce an 

-arid ptopyrerie are copolymerizeddnto ah elastomer in is - ; • b\^rh"oad product containing essentially non-react- 
^ a molar ratio of ethylenff-t6-^)ropyrene of 30/70 to 50/50, ^ >^ > ^'ed mdrtOTiers and hydrogen and a bottom product 

• ' The elastomercan also be prdN/id^ by adding a • prinmr'tt^ c<m^\n\riQ polymerized solids, 
^ready-made or natural elastomer to the pdlyirher product ' r ' f- - : the overhead" product oi- at least a major part of it is 
of the first gas phase reactbr/' - ' * >0 - " ■ " feeycled to the gas phase reactor via a recovery 
' ■ The irhpact rhbdified pcHyprbpyiene typiie^ ' 

tains about 5 to'50 wt-%r in part^cuter abbuM Q to 45 wt- ^ ' ' ■ ptily^^dpylene polymer is recovered^as the bottom 

%andprefeiBbly about 15 t6;40 wt-% of ah elastomer'^ product of the tesh tank. < ^ ^ 

described above. ^ ■ ^ ■': ^ , r . . • ^ . * •: ■ * : 

" Summarising whathas been stated §bov6, one par- Acdording-to the^ird particularly preferred embod- 

ticularly preferred^enribodirhehfbf thslhvenlfoncomp'r^^ ' 

^es{Fig/1)-- r ^ - - . > , or. .:--.v - r/u^;^ 

' ' , ' sr: t ,r.', pit)pyreneand0ptionallyicomohor1i6rsare'pdlymer- 

' pblymerizirig propylene in a I6qp rdSctoi- at a pres- - > ' • isedlrfia lodp reactdr^at a pressure* 6f 40 to 80 bar. 
' * ' sur6 of 40 toBO bar, at a terhpBratui-« t>f 80 to 100 at a terhperature of 60 to tOO "C and hydrogen is 

' ' *C and hydrogen is used tb^coriti-blthe^ molar rh&ss 30^ - Usefltfib controrthe molar ma®s of the polymeriza- 
' of the fkilyrherizatidn pfbdu'^^^^ ^■'^ ^'J' tion ^product, ; -^i.^-vr 

. i^yQcoveflngthe polym&rizaftibh* product from the loop ' ' - tHe'pblyirierization product from trtaMcwDp reactor Is 
' reactot andbonductin^ttto ff^as phase reactor - ■ * recovered and- febnduct'e^ tb ^ gas' phase; reactor 

id-bed^-- ^ ' ■ ' - ' - ■ ' '^^'■-^ -nuKJ bed: ' ^ ^ ' ' • ■ ' '* 

- o'ptloriairyleedihg additional propylene airwlopticniar- 'SS^ '^-^^ n fb^irti^Siiariy adtfitk&hMI pi'opylisn'e and o{5tiohal comon- 
comonomertb the 'gas phase reactor,' ' ' oi >9bic u orWer irfSd to the-gas^ p^ • ■ 

- ■ ' optionally feeding arfditioni&l'fiydfuger^ to the gas''- ^3 ^ -s'^^^dditiGflrikP hydrogen is dptibnially fecf-to*e gas 

phase reactdi^tdcontr6l4fi&hydr6^e?v SEsric, ^j^gasfd reiactoif td'contitil the hyd^ 

- ratio 16 jpirovide the ^bsfred rTSdlecliraiTnriass of the-^"^ '^^'J'^^'^fetfcptb praix^ide d^siiBd nTofebuter ifr^sa of the po- 

• polyfneftotion producff/ '*^'v : - '-^ ^o^4ft:>ri)ivnqynl#rt2atfen product;^ 
recovering^B pibiymef izatto^ th^^'pblvfrriefizatiim^pi^uct fro^ 

- ph^aTe - reactor and conduc^i^^^ a "flash tank,'^" -^' ' ' refabtbr fe fecoverdd ahd^bneiuctet^'f^^^ 
wherein the pressure of the product Is'VedUced to^' diafefl^tahk/wfierd^^ 

^ ' produce an dverh^ad pifbduct bbritalrHhg essential- is reduced to produce an ovdltiead pFoSdtict contain- 

- My noh-reactdd propylene ahd hydrogen and a bot-' * o-. s cirigS^s^'traflyribrr^r^adted rhbnomer(s) and hydro- 
" tom product prinriarily containing'^ polym^^ :.(crs. < gen ahd'abbttbiFn'prc^uct prfniarMy 'containing pol- 

ids, ' ■ ^- • " ^ ' V J? J ^ J ^: c> \o > ynterised' solids,^ - ' '-^ -^^^ ■ ' 

recycling the overhead (srtxJuct or "ait feastxa major - the overhead product or at least a rtfttjor part of it Is 
pari of it to the gias pfese reacto/^via' a recovery ^ ^ rebydedtdfthafirst 'gas phase reactor via a recovery 

section^ahd *• •j': ^ j-^v:' * * ' --section, ' ■ 

recovering polypropylene -polymer- as the bottom^ - * ^- the polypropylene polymer frorti the bottom of the 
product of the flash tank. ' ^ ^ iri'telTti'ediata'flash tank^ 

• .::>:.■ ■ .m . • . tioh reaction via-a" pdlyrTier feed syst'erh. 

- ' Accdrdmg to-the secoiid parlicuMrV preferred e^^ ' the third polyiTierizatidn reaction is-carrie^^ 
bodimeht (Fig. 1)> ... o: . -551, j gas phase reactor in the presence of corhohomers. 

• - ' - : - r /: ,, . the polymerization -product from the ^second gas 

- * propylene and copolyrner(s)i • e/g/ ethylene or' phase reactor isrebovered and conducted to a flash 

1-butene or both, are polymerised "ink Ibdp reactor ' ^- tank, wherein the'pressure of the product is reduced 
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' to produce an overhead product containing essen- 
tially non-r acted monomer(s) and hydrogen and a 
bottom product containing primarily polymerised 
solids. . ■ 
- . optionally the polymerization product from'the third 
polymerization can be conducted 'directly or via a 
flash tank to a third (fourth etc.) gas phase polym- 
i erizat ion reactor, wherein polymerization is carried 
out in the presence of comonomers; ' ' 

According to a fourth particulariy- preferred embod- 
iment (Fig. 3): ... . ? . : - 



propylene and optionally combribnriers are polymer- • 

... ised in a loop reactor at a pre8sure<0f40 to 80 bar. 's -. 
at a temperature of-eo to 100 *C and hydrogen is : 
used to control the molar rnassbf the polymeriza- " ■ 
tion prcjpduct, - • 

the polymerization product from the loop reactor is •* 
recovered and conducted to a flash separator, from ' 20 

• where the hydrocarbon rnedium: is removed from ^ ^ 
the top as the overhead and the potymer.from the : 
bottom, * 
the overtiead is treated In e.g. membpane uhH to re- - 
move hydrogen and/or other components, 
the treated overhead is conducted to the next gas 
phase reactor. i ' 

' the polymer from the bottom is fed to next gas phase 

, reactor fluid bed, . - c 

optionally additional propylene and optional comon 
lomer is fed to the gasvphase reactor^ 
optionally additional hydrogen is ted to the gas 

i phase to control the hydrogen-to-propylene ratio to 
provide desired molecular mass^o^the potymeriza- 
tion product^ , *; - vi. i • " 

the. polymerization product from th^ftrstgas phase 

. reactor is^ recovered and con ducted> to aLftash tan k, 
wherein .the pressure, ol theiprbdu(St i8:>rMiiced to 

c produce an overhead product containing essential- • 
c. ly ;non-reacted;.monomer(s) and hytirbgen> arid a :u40/ 

, fbQttom'pfoduct..pHnriarily:<;ontalningi. polymerised r ' 

■ solidsij : - . .-I - * ■ \ • r *;..■ -f- 5 -1 . ■ o" i'; 

.:\-polypropylene,polymer is j-ecovered as , the bottom r ^ ' 
product of the flash tank - r. ' ... _ 

' optionally the potymerization.prbduct from the sec- * 

: : qnd potymerization cain be conducted directfy or via . 

r . aflaehtanktoathird<fourthjetc.) gasphase polym- ' 
lerlzalioo reactoj/ wherein ipolymerization is carried ) 
out ;in the presence of comononriers'. ^ k ^ 



25 



, 30 



lymerization product and an outlet for the polymer 
and an outlet for the reaction medium, 
a separation means for separating volatile conv 
pounds from the reaction medium, said separation 
means having an inlet for the reaction medium and 
an outlet for the reaction medium and an outlet for 
the volatile compounds, 

a first conduit interconnecting at least one slurry re- 
actor with the inlet of the flash tank, 
a siecond conduit interconnecting the outlet of the 
polymer with at least one gas phase reactor 
a third cdnduitHnterconnecting the outlet of the r - 
"action medium with the inlet of the separation 
means, and 

a fourth conduit iritercohriectihg the outlet of the re- 
action rnedium with the gas phase reactor 



Thesis : above-mentioned four preferred embodi- 
ments are aldo'depicted in the attached drawings; which 
illustrate the* particular cbrifiguration' of process equip- 
ment used>The nurne'rals refer to the following pieces 
of equipment: ' " ' ' ' ' 



The apparatus for carrying out the fourth embodi- 
ment comprises in combination: 

at least one slurry reactor and at least one gas 
phase reactor.iarranged in series to form a cascad , 
- . a flash tank for separating polymer from reaction 
. medium containing unreacted monomers and vola- 
tile compounds, saki tank having an inlet f r a po- 
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•1; 101; 201 
30; '130; 230 * 
31; 13^1; 231 
32; 132; 232' 
33; 133; 233 
34; 134^234 
35; 135; 235 ' 
40; 140; 240" ' ■ 
4i2; 142;- 242 
43; 143; 243 

43; 145: 245 ' 
46;^ 146; 246 

" ^ ' - ' * . ^ 

'46b; l^b; - 
246b--' - - 
'47:447^.24Z > = 
'248' -. ^rMftv l: • . 
150b; 250^ ' - ' i 
^251'- i\ 
•252. ■ r.-c\-':;.-.:* 
.1;52b ■ ■ w--; 
60;:160;Ll60b' ^ 
-:260^K* 
61;-16iv161b : 
261b; - \ ^= 
62; 162; 162b 
262.'.-'. : ; •/ : 
'63: 163; 163b ■ . 
233; ' : i • 
64;~164; 164b • 
.264.'-. .> 
65; -165; 165b • 
265 V 

66; 166; 166b. . 



prepblymerizatlon reactor 
catalyst reservoir ~ . .. . 

feeding device 
diluent (optional) 
catalyst/diluent mixture ' 
' rrioncmer • - ' ' 

' cocatalyst-and possible donors 
loop' reactor ' .-;> .... •; 
diluont feed (optional) ' ' - 
n^onomor feed * ' 
hydrogen f edd 
combnorher feed (optional) 
backto the loop reactor 40; 140; 240 
thrbugh the line 46;i146; 246 . 
Fecircuiattoh to recovery- 
recirculation to rebovery * 
orio or several exhaust valve' 
product transfer line ' 
flash' sepaVator ' ' 
recovery unit and off gas vent 
* rerfibvirig line 
removing line 
gas ^hase reactor- 
gas phase reactor; ' ' 
gas transfer line ' ' ' 
gas transfer tine ^; 
compressor 
compressor ' - 
mdnomerfeed • 
•monomer febd • 
comonomer feed 
comonomer fo d * • 
hydrogen feed 
hydrogen feed . 
transf r line 
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..266 . , , transfer line - , 

67; 167. — product transfer, line • 

.158; 168; , . polymer product recovery system, e. 

I,--: : - • ; • 9- flash tank - - 

, 268; 269b , , , • polymer product recovery system, e.-, 

. „ . . . g. flash tank . . ^ 

69; 169; 269 recovery line . . 

269a . recovery line i 

251 ; separation unit . 

70; 170; 270 . monomer recovery system 

^ . .Turning: to Rgure t, it can.be not«d that catalyst 
from reservoir 30 is fed tothei.eediqg device 31 together 
with optbna! diluent from line 32- Jhe feeing device 31 

: teedjs tha-,catalyst/djluent mixture into thg prepolymeri- 
zatipn.chanaber 1 .via line. 33. Monomer. is fed through ; 
34 and cocatatyst and possible donors can be fed Into 
the, reactor 1 through conduitSeSg or, preferably, the co- 

, catalyst anci donpr(s) are Intermixed and fed in line 35. 
Frpm the^preppfymercation chamber lithe prepo- 

.Jymerized patalyst Is rempy.ed preferably r. directly 
through line 36 and transferred to a looprreactor 40. In 
the loop reactor 40 the polymerization is continued by 
adding an optional diluent from the line 42, -monomer 
from line 43. : hydrogen from line A4 and: an optional 
comonomer from line^45 through the line 46, An optional 
cocatatyst can also be introduced intp the Jpop^eactor 

From the loop reactor ,40 the poiymerrhydrocarbon 
:,rTibcture is fed through one, or. severaJ pxhaust valves 47 
described in, e.g., PI Patent Applications JsJos. 971368 
or 971367. There is a direst product trartster 67 from the 
loop reactor 40 to gas. phase reactor. 60. f . . 

In the lower part of the gas phase reactor :60 there 
is a fluid bed rconsisting . of polymer particles, which^will 
^ be kept {0:^.fiu|di:^ed, state in ^n ordinary way by circu- : 
lating the gases i;emoyed from the top of the reactor 60 
though .lina 51. .compressor-.62 and a cheat exchanger < 
(not presented) to the lower part of the reactonSO in an 
ordinary, way. The reactor 60 Is advantageously, but not 
necessarily, .eqy'pped v/ith;a>mixer (describedin Fl Pat- ' 
ent Application No. 533073,-not shown lathe figure). To 
the Ipyyer part of the reactor60 can be led in a well;known 
way monomers from lijie 63, optionally comonomer f rom 
line 64 and hydrpgen^from the line 65. The product will 
be removed from the reactor. 60 cohtintiallysor.perlodi- 
cally through-tho transfer line 66 to the flash tank 68. 
The overhead product of the recovery system is circu- 
lated to the gas phase -reactor via a monomer recovery 
system. . . r , ■ . ^ • * v-* ■ 

The embodiment shown.-in Figure 2 differs ;f com the 
one in Figure 1 only in the sense that product from gas 
phase reactor 1^60 Js ted into the additional gas phase 
reactor 160b.. The potymer particles are removed from 
th flash tank. 168 through the polymer feed tank 150b 
and the removfng llne l52b.to the gas phase reactor 
160b. The gas phase > reactor is advantageously 
equipped with a mixer (n t shown). . .* • * 
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• .The overhead of the flash 168b is recycled partly t 
th gas phas r actor 160b and partly to the monomer 

•recovery systenri. . ' 

The embodiment shown in Figure 3 differs from the 
one in Figure 1 in that the product of the slurry reactor 
240 is conducted to a flash separator 250. The hydro- 
carbon medium is removed from the polymer particles, 
the remaining monomer and hydrogen are removed 
from the-flash separator 250 either-through to the recov- 
ery unit 251 or preferably to gas phase reactor 260 
through the: line 269a after possible separation of light 
components e.g. hydrogen. 

In alt of the above presented embodiments, the nu- 
tnerals 70^ 1 70, and 270 signify separation means, such 

J as membrane unjt or stripping columns,- which are ca- 
pable ol^reeing the recycle monomer of the gas phase 
reac[tor(s).(60,t160, 160b and 260) or of the separators 
(68, 1 68, 1 68b and 268) from hydrogen and/or light inert 
hydrocarbons typically having a lower boiling point than 

«therxnonomer(s), ^ - • 

. . The: following non-limiting examples will Illustrate 

jthe.principles of the present invisntion; 

' Example l 



, A production scale plant .for continuous production 
of PP-homopolymer was simulated. Theiplant compris- 
es catalyst.^alkyl, donor, propylene' feed systems, pre- 
polymerization reactor, loop reactor and a fluldlzed b d 
.^^' .-Sasiphase reactor (GPfl)- : ' : u : - \i> 

The catalyst, alkyi,* donor and propylene were fed 
to thei prepotymerlzatlon .reactor. The polymer slurry 
f^omitheprepotyofler^z^tion reactor was fed to a:loop re- 
ajStof tDi^whichralso-hydrogen and more propylene was 
55 fed. The polymer slurry from the loop reactor and addi- 
>csriq tisnathydrogen and propylene was ted to the GPR. The 
?i(;i=t flprtSductJon-in the reactors^wer e 300 kg/h in prepolymer- 
s boo izalion, :t5ft/h in kJbp and .1.0 t/h in GPFJ. >' 
iBiuK^zKO cThetp re polymerization -loop reactor was operat d 
3 ^£ afca 56 bar pressureand a 20 .'C.temperatMre. The loop 
t'j,reaffitpirwas opecatedat a'^55:bar pnessdreand a 85 
temperature. The MFR (2.16 kg, 230 ?C) of the PP- 
. : . /?r^: horr»apoIymerrpToducetl in.th0 loop was adjusted to 1 by 

controlling the hydrogert *eed.-' • ' - - 
!4S : , JhaGPR yvasoperatedat a pressure of 35 bar and 
;v atempetattafe of SS^'C.iThexMFR (2?16jkg; 230 ^^C) of 
, y-the PP-hombpolymei^ taken Out of the GPR was adjust- 
■ ' ed ta'1i3byxontfoIUng the*partral pressure ot hydrogen. 

5 t/h of propene wae recirculated from the GPR outlet 
so back to the loop reactor. The once-through conversion 
i of propylene was,83-%--. *- : - i 

Example 2 

-ss, .A production-scale -plant for continuous production 
of PP^opolymer witfr good impact properties was sim- 
ulated. The plant comprises catalyst, alkyl. donor, pro- 
pylene fee^ systems, prepolymerizatlon reactor, loop 
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reactor and a 2 fluidized bad gas phase reactors (cf . Fig- The GPR was operated at a pressure of 35 bar and 

ur 2). - . ^ , a temperatur of 80 **C, The MF6 (2.16 kg, 230 ^C) of 

; The catalyst, alkyl. donor and propylene were fed. the random-PP taken out from the GPR.was adjusted 

to the prep lymerization reactor. The polymer slurry. to 7 by controlling^the partial pressure of hydrogen, and 

from the prepolymerlzatipri reactor was fed to the loop. .5 . the ethylene content was set at 3.5 % w/w by adjusting 

reactor to which also hydrogen and more propylene was , . , the partial pressure of ethylene. 5 t/h of propene and 33 

fed. The polymer slurry from the loop reactor and addi- kg/h ethylene was recirculated from the GPR outlet back 

tional hydrogen and propylene was fed to the first GPR. , to the loop reactor The once-through conversion of the 

Before entering the second GPR the polymer from propylene and ethylene, were 83 % and 96 % respec- 

th e first GPR was depressu rized. Ethyler^ (9 and addition- . . tively, .'^^ » ^ ;^ 

al propylene was fed to the second GPR ^ ^. . .* , , ... . , i 

The production, in thq reactors was, 300 kg/h in pre- , Exampl^ 4 . , . .... 

polymerization/ 1 5 l/h. in loop and .10.t/h in:the.f^ r-^. . j , . , , . . 

and 6 t/h in the secorid GRPi. ^ , production scale plant forcontinuous production 

The prepolymerizatioh loop reactor was operated-. T5 of PP-copolymer with good impact and creep properties 

at a pressure ot 56 bar and a temperature of .20 ?C. The,. 1 was simulated. The plant cornprises catalyst, alkyl. do- 

, loop reactor was operated at a. pressure of 55 bar and nor, ethylene and propylene feed systems, a prepolym- 

a temp'erajure of 85 **C. The MFB (2. 16. kg, 230 "C) of , . , . erization reactor, a iQOfj. reactor, a flash tank and 2 flu- 

thaiPP-homopolyrnerproducedJnthe joop.was ipljzed bed gas phase reactors. . . . .( 

to 20 by controlling the hydrogen feed. ^ . . The catalyst, alkyl, donor and propylene were fed 

^ The first QPR was operated at a pnessura of 35 bar to the prepolym erization reactor. The polymer slurry 

and at a temperature of 85 'C. The MFR (2.16 kg, 230 fromthe prepolymerization reactor was fed to a loop re- 

*pjof the RP-homopolymer taken out from^the first GPR actor to which also hydrogen and more propylene was 

was set at 20 by adjusting the partial pressure , of hydro- fed. The polymer slurry ,from the loop reactor was fed to 

gen. 4.3 t/l^ of. propene vtas recirculated from the GPR .^^ . a flash tank, wherein propylene.and polymer were sep- 

out let back to the. loop reacton , . acated. / , 

" ['\ . Jhie seicond GPR was operated at a pressure of 20 , , TKe. pohfmer from flash tank v/as fed to the first 

,bar;Qnd a temperature of 70 **C. The MFR (2. 1.6 kg, 230 GPR. Propylene from flash tank was fed to the firts GPR 

"C) of the PPK^polyrT|ier taken out f rorn the^seaond GPR ^ after removal of hydrogen. Ethylene and additional pro- 

w^js'adjuisted toJ3 by using the partial pf^^ 30 pylene.was fed to th^ first GPB. The polynrier from first 

drogen as a>pntrpl. means, 2.7 t/h of prppene was re-/ GPR was fed to the-second.GPR.-Ethylenep^some hy- 

/circulated from the.f ecorid GPR outlet-^ack to the loop , , drogen, andadditional propylene were fed to the second 

lre4^tor and 1 ,6 yh ethylene recirculated GPR,; . . , . 

GPP, . , / , J . . . ;^,r-^ ^, .i: i ^the producdoo in the reactors comprised. 30 

t - ' 1. . V: ' or : ^- -fr ^ prepolynjeriz^tion, TO t/h in loop and 10 t/h in the first 

^Examplo 3 / c . ^/ ■ ' Vr T " : , GPR and 6 t/h in the secon^^^^ 

X ... . .... /; ^rnr.'! ^® prepolymerization reactor was operated at a 

A production scale plant for coritiriuQus'p^^ - • pressi^r^ of 56 b^r gnd a temperature of 20 *C. The loop 
of Varidbm F^f? polymer wae simulated. The p^t cpm- , . .reactor ;was operated at a pressure of 55 bar arid a tem- 

prlses a catalyst, alkyr,'c!pnor. ^propylene and^lethylene . l^^^^^ The,MFR (2.16 kg, 230 *C) of the PP- 

fped systems,' pirepolymerization. reactor/ Jobp hompppfyiTier-produced in the loop was set at 100 by 

and a fluidized bed'gas pfjas^re^^ ,^ - /adjusting thelhydrog^ . , . 

^ Jhe. catalyst, alkyl, donorairid/p were fed ' ^ ;.;-The qPR was.operated at a pressure of . 35 bar and 

to the prepolymenzat^^ the polymer slurry - v aiemperature/of 8tf f^ MFR (2.16 kg.;230 **C) of 

. froni the pr^poiymeriiation reactor was fed to the loop the PP pf the GpR vyas set at 0.4 by controlling the pro- 

reactor. J^thylerie,* Hydrogen arid moire propylene was ductiqn spljt b^e;tween the (eactors and the efficiency of 

fed ateofed to the loop. The pplynjer slur ry.from.the loop , , . hydrpgeg rerroyal of flashed propene. Ethylene content 

Veadpr and. additional hydrogen; ethylene and propyl- was,set at,2 % wAy by adjusting the partial pressure of 

ene.ms fed to GPR. the production rateJrj the reactors , ;ethyle,ne .and cqntrplling the production split between 

were 300 Kg/h d-Ujing prepoly^ , the.reactop. . . . 

loop and 10 t/h in the. QPp. ; ■ . - . The second GPR was opera^^^ 

The pre'pojymeriiatiph re^^^ at a / bar anda^bmperature of 70 **C. The MFR 

pressure of 56 bar arid a temperature of 20 'C. the loop ^ . ' **C),of the P!P<Jopolymer in taken put of the second GPR 

reactor was operated at a pressure of 55 bar and a tern- . .was .adjusted to 0.3 by controlling the,partial pressure 

perature of 75 **C. The (S4FR (2.16 kg. 230 '»C) of the ' ss of hydj-pgen and by controlling the production split be- 

random-PP produced in th^ loop was adjusted to 7 by tween the reactors. Minor amounts of propylene were 

controlling the hydrogen fe.ed.^and the ethylene content circujated from the second GPR back to the loop reactor, 
was adjusted to 3.5 % w/w by the thylene feed. 
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Example 5 total pressure of 29 bar and a partial pressure of propyl- 

erie amounting to 21 bar. The temperature was 90 'C 
A production scale plant for continuous production and the mean residence time of the catalyst was 1 h. 
'^f PP<opolymer with good crdep properties was simu- " ■ The MFR (2;16 kg,' 230 *C) of the PP-Homopotymer tak- 
■'4ated The plant comprises catalyst, alkyi, donor, ethyl- en out of the GPR was 7 and cbntrbll d by adjusting the 

iehe and propylene feed systems; a prepbtynrierization partial pressure of hydrogen, the productibri split be- 
reactbr,^ a loojD reactor; a flash tarik and a fluidized bed ■ tween the riBactors' was 1 % in prepolymerization, 49 % 
gas phasd reactor. ' in lobja and 50'% in" GPR. Catalyst productivity was 32 

- The catalyst, alkyl; donor and propylene were fed ' 'kg PP/g cat ■ " 
to prepolymerizatibn reactor, the polymer slurry from "io^^ ' •• " 
the prepolymerization reactor was fed to a loop reactor ' ■ Exarhple^Z ' ' 
to which also ethylene and more propylene was fed. The ^ * * ' 

polymer slurry from the loop reactor was *feif ro a flash ' ' ' A'cbritlrtuously operated pilpt plant was used to pro- 
tank, wherein monomers and polymer were separated. duce PP-hbmopbiymers. The plant c*omprises (iatalyst, 

The polymer frohn flash tank was ifed to the GPR. alkyl, donor, propylene feed systems, a prbpolymeriza- 
Prdpylene froni the flash fcahk^was fed to the GPR after \ tiqn reactor] 'aicxip 'react aflUidized bed gas phase 
removal 6f'ethylehe:Hydrdgeh and a'ddit'lorial propylene '■ reactef (Gf>RV ' 
were fed to the GPR. ' ' -* 

The prcKJuction in the-'reactorsW'ere 300 kg/h during to the prepdiyrnerization* reactor. Ihe polymer slurry 
prepolymerization. 10 t/h ir*i loop and 10 t^ in ttie first' ^<>' frbm'the prepoiyrn to the loop 

GPR , ' . ; . : - i . . reactor to whrbh also hydrogen jind more propyle^ 

. ' =' > ; -t: ' fbd.th6;pbiymer' slurry from the 1^ 

Example 6' . ' ■ ^ • • - . tidnai hydrogen and propylene was fdd to the GPR. 

. ^ " ' ■ - '1 . the polymer formed and unreacted propylene 

- A pilot plant operated continuously was used to pro- ^ wher^e separated after reirnovat from the GPR. 
duce PP-homopblymer. the plant comprises catalyst, - ' The catalyst used was a highly active and stere- 
alkyl, donor, propylene feed systems, a prepolyrneriza- ospecific ZN-catalyst mad6 afccordihg td Fl Patent Ap- 
tion reactor, a loop reactor arid a fluidized bed gas phase * - plication No. 963707. the catalyst was cpntacted with 
reactor (GPRy. ' ^' ■''^^ triethylatu minium (TEA) and dicyclo^entyidinriethoxysi- 

The catalyst alkyl, donor and prbpytene Were fed ' 30 ' laie'(DePDMS)' {Al/ti ratio was 250 and' Al/Do 40 
to th^ prepolymerization reactor.^'T>i4 pdVfner slurry (mole)) before feeding to th^ prepolym 
Ifrom the prepolymeirlzatibn'reacfor Wasfedto a^ ' The catalyst was f^l 'according' to U.S. PaJtent No. 

' actbr'to which also hydrbjgert 'and rhore-prbpyi^ne was ''■ ' 5,'385,992 and was flushed wfth propylene to the prepo- 
fed. The polymer slurry from the loop reactor and addi- ' ' Vn^ertzdtiori'reactor. the prepolymerizatibn r|^^or was 
tional hydrogen arid pybpylenS was fed to the GPR. 55 operated at a pressure of 53 bar, a temperature of 20 

The fornhed pbiynrier and uhraacted prSpylene w6re *C and a mean residence time of the_ catalyst of 7 min. 
separated after r^rnovaf of the polymerizat fbh product The prepolymerized catalyst prbpylerie and other 

from the GPR. '"^ ' ' '' components were transferred to the loop reactor The 

The-batalyst used Wae' a highly active 'and stere- "^"l&pf^cto^^ 
bis'pecific'^ZN^talySt Th^dtf ac^^ to U.S. Patent ''^'^o' '*^iii^feture 6iB6 and meari residence tirne qf the cat- 
Nd 5]ii4,B79\ The cataVsl was cdnt^ctedw k9,' J^do; ^C)';pf Jhe PP- 

lalum'inium (TEA) arid ' didv^'loperftylcfirtlethp hdntopdiym^ in'the" loop was '^^^ to 7 by 

(DCPDMS) (Al/Ti rations 2S6'^d' A^ ^ contfolfihg thV l^droge^^ ~ " ' 

" beforis f eiBdihg tcPthe prejfibVm^rfi^fS^ nbactor. ' ' / The i^otynner's lobp_ reactor w^s trans- 

The batalyst was ted acdordihg to^ifS.'Pat'e^^ No. ' *45^ ferred^to the GPR. the GPR' w^ operated at a total 
5,385,992 and \Amsflusrted With p|rDpyl6^te^^^ ' ' preWure^^^^^^ si partial projiylene pressure of 

lymerlziatioh reactor The pVe'jpbiymerizaAorr reactor was 21 b^r the tempeVafure bf the GPR was Bp *t and the 
operated at 51 bar pres&re; 2b-*C^temperature and ' rHeaiiVesidenciB time of t^ TTje'MFR(2.16 
mean residence time of the batalv^^t ^t'7 hiihr' ' k^/p) Pll^!^ ^^f^ ?^ 

The prepblyrherizfed dataVsrt propylWie and other ^ gpr ^s'y 'arid it'was adjusted by coot rblfihg the partial 
components were transferred to the Mbop' reactor the ^ ' presisure of'hydrbg?en.,'the' prpduction.spiit between the 
loop reactor wks operated at a pressure of 50 bar. a tem- reactors was 1 % in prepolymerization, 53 %m'loop and 
' perature of 80 and a mean residence time of the cat- ' * te '^^o in GPR. Catkiyst productivfty.v^^^ 50 kg PP/g cat. 
alyst of 1 h. the MFR (2.^6 ^^ 2dci "C) of the PP- . *! . -1- * 

hombpolyrrier produced iri the loop Was adjusted to 7 by S5 " fexamplo 8 V. ! ^ 
using the hydrogen feed as a control rneahs." ' " •* * ' ' / ' , 

The polymeir slurry from the' loop reactor was trans- ^ " A continuqusV operated pilot plant was used to pro- 
ferred to the 3PFi. the GPR reactor was operated at a ' duc6 PP-homopblymo'r The .piant c nnprises catalyst, 
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alkyl. donor, propylene feed systems, prepofyrrierization according to Fl Patent No. 95387, The prepolymerized 

react r. loop reactor and a fluidized bed gas phase re- ' catatysf was contacted with triethylaluminiuin (TEA) and 

actor (GPR): ' ' * dicyclopentyldirnethoxysilane (DCPDMS) (AI/Ti ratio 

The catalyst, alkyl, donor and propylene were fed ' was 1 40 and Al/Do 1 0 (mofe)) before feeding to the loop 

to the prepolymerizatibn reactor. The polymer slurry s reactor. 

from "the prepolymerization reactor was fed to the loop ' the catalyst was fed according to U.S. Patent No. 

reactor to which also hydrogen and more propyliBne was 5,385,992 and was flushed with propylene to the loop 

fed. The polymer slurry frorn the loop'rbactbr and addi- reactor. The loop reactor was operated at a 50 bar pres- 

"tional hydrogen and propylene was fed to the GPR. sure, a 75 **C temperature and a mean residence time 

The polymer formed and unreacted proi^ylene were ' io of the catalyst of 1 h. The MFR (2. 1 6 kg. 230 'C) of the 

separated after product removal frorn the GPR. PP-random-polymer produced in the loop adjusted to 4 

The catalyst used was^a hi ghjy active and stere- • via the hydrogen feed. The* ethylene content was con- 

ospecific ZN-catalyst rriade according to U.S. Patent • trpjled to be 3,5 % w/w' via the ethylene feed. 

rvJb.;5,234,87'9. The catafyst was con^acteii with triethy- ' The polyhier slurry from the loop reatctor was trans- 

jaluminium (TEA) and dicyclopentyldirnethoxysilane is' ferred to the GPR. The GPR reactor was operated at a 

(DCPDMS) (Al/Ti^ ratio was 250 and Ai/Do 40 (mole)) '" total pressure of 29 bar and a partial propylene pressure 

before ifeedirig to the prepolymerization reactor. of 21 bar. the operational temperature of the GPR was 

The cataiyst was fed according to U.S. Patent No. 80 **C and the mean residence time of the catalyst was 

5,385,992 aiid was flushed with prbpyl^^ \ \.1.5 h. The MFR (2:i61<g; 230 *C)of the PP-randompol- 

"tymerizationraactor The^ 20 ^^nrier taken out of the GPR wa^ adjusted to 4 via the 

operated at a 58.bar pressure, a 20 "C temperature and partial pressure of hydrogen. The ethylene content was 

a riiean r^esidence time ofihe catalyst of 7 min. controlled to be 3:5 % w/w via partial pressure of ethyl- 

The prepolymerized catalyst propylene arid other ■ ene. The production split between t^ie reactors was 55 

corripbnents were trarisferred to the idbp r^actbr. % in the loop and 45 % in the GPR, - ' • 

. The loop reactor was ©136 rated at 57 bar p^^ ' 25 ^ ? . ; 

.80 'C temperature and a mean residence time of the ' Exampie 10 

' cataiyst of 2 h. The MFR (2.16"kg, 230 'C) of the PP- ...... 

homoj3ofYrrter produced in the loop was set at 375 via ' A continuously operated pilot pliant was used to pro- 

the hydrogen feed. ducePP-rahdom'polymer.The plaint comprises catalyst, 

^ The polymer slurry from the loop reactor was trans- 30 alkyl. donor, propylene and ethylene feed systems, a 

fer'recf to the GPR. The G PR was operated at a total loop reactor and a fluidized bed gas phase reactor 

pressure of '29 bar 'and a partial propylene pressure of (GPR). . ^ 1 : 

16 bkr. The temperature of the reactor Was 80'*G and The catalyst, alkyl, donor and propylene were fed 

the mean residence time of the catalyst 2 h. The MFR ' to the prepblyrinerization reactor. The polymer slurry 

(2.16 kg, 230 "C) of the PP-homopofyrtieY taken out of * frohi the loop reactor and additional hydrogen and pro- 

the GPR was 450 arid it was adjusted lay controlling'the ' ' » ^pylene was fed to the GPR The polymer formed and 
pirtiarpressure; of hydrbgeh arid by 'controlling the pro- ^ ' * unreacted propylene were separated after removal from 

'duction spirt between the reac^^^ . : ^ . . 

was adjiisted to'coffipris'e t % in prepolymdrfeation, 50 The catalyst used was a highly sictive and stere- 

'% in loop and 49 V/jn G>r7' 'f \ ;.\;^;;''f J , ospecific;'ZN-cata!y^t rhade'accoftJing to U.S. Patent 
^, . / ' - ^^['''^ No': 5,234;879. The catalyst was prepolymerized with 

.^'f^P'®?'-' , , \^ V ; ' ' / ' 'propylehe Xth^^ PP'/cat was 10) in batch 

:= i M-.-/ . ^ . M • 1 , . ' = accordin^'tb-Finhis^ 

, J . A'c?ht|^^^^ erized catalyst was contacted with triethylaluminium 

du'ce PP^andbmpolymerTiRep^ ^ciicyclopentyldimethoxysilane (DCPDMS) 

alkyl, c^onor.propytene and ethylene 'feed/systerns, a '(Al/Ti ratio Was 135 and^AI/Do 10 (nriole)) before feeding 

loop reactor and a fluidized bed^ gais phase reactor to the idbp* reactor. • 

(G^^)- ' , ' ' j . ' * trteca'^lIyst V/as fed according to U.S. Patem 

The "catalysit ajkyi, ddhor and propylene were fed ' 5.385,992' and 'was flushed with propylene to the loop 

to the prepolymerization reactor th'a polymer slurry" so - reactor/The 'bbp reactor was operated at a pre^^ 

from the Ipop-reactorand^ additional hydrogen, propyl- 50 bar, a temperature of 75 •'C and a mean residence 

^ne atrid ethyiene was fed to the; GPR The polymer"^ time bf^the catalyst of 1 h. The MFR (2.16 kg. 230 "^C) 

^ formed and unreacted propylene were separated after' of the PP-randompolymer produced in the loop was set 

removal from the iSPR. ' ■ ' / at 0.2 by adjusting the hydrogen feed. The ethylene con- 

The catalyst used was a highly active and stero- ss tent was 3.5 % w/w and adjusted by controlling the eth- 

ospecific^ZI^-catalyst'made according to U.S. Patent *' - yiene feed. - ' 

No. 5.234.879. The'catalyst was "prepolymerized wrth The polymer slurry from the loop reactor was trans- 

propylene (the rriads ratio 6f PP/cat was 10) in batch - 'errecf'tb the 3PR: The GPR reactor was operated at a 
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^ totat.pressure of 29 bar and a partial prppylen pressure . ^ actor. The prepotymerization reactor is operated at a 
ol 21 bar. The operational temperature was 80 **C and pressure of 51 bar, a temperature f 20 '^C and a mean 

..^e mean residence tincie of the catalyst was 1 .5.h. The . ^ r.esidence tirrie of the, catalyst of 7 min.. 
MFR(2.16kg, 230**C)of th PP-random polymer taken . .The loop reactor is ^operated at a 50 bar pressure, 

, ..out of^^the GPR was adjusted to 3 by controlling the par- . ,s a 75 .**6 temperature and a mean residence tirrie of the 

. tial pressure ol the hydrogen, .the ethylene content was . . ^ .catalyst of 1. h. The MFR (2.16 kg. 230.°C) of the PR- 
get at 1 .8 % w/w. by adjusting the production split be- randompolymer produced In the loop.is adjusted to 7 by 

. tyypen the reactors., The desired ethylene content was , cpntrplling the. hydrogen, feed. The ethylene content is 

. acchjevedat, a production split of ^ % in loop and 60 _ . adjusted to.3.5 %.w/w by using the ethylene feed as a 
fji.in.GPR. ^ , ^ , ^0 control rti pans. 

Thepreppfymerizatipn^ reactor was^ operated at a 56 . ^ the gblynner siMrry from the. loop reactor Is trans- 

bar pressure and a 20 tempe/atUre. the loop reactor ^ fer'redtip the fir,9t Gi^R. The first GPR* reactor Js operated 
was operated at a 55 bar press.uraan.d a 75 "*C temper- ' at^ total f^res^lure of^ bar and.a partial prppylen pres- 
ature. The MFR (2. 1 6 k^, 230 "Q^of the rqndoni^PP pro- ... suVepf 24 tor.^^^^^ tcBfTiperature is 80 **C and 

duced in the loop was below, 0.1 ai;id the. ethylene con- ,'5 the rrieap^re^sidence time of the catalyst 1 .5 h. The MFR 

: ter)Vvyas adjusted to 3.5 %w/w contrpliing the ethyl- (2.^16* k^g.. 230. *C) of ^^^^ Plj-randpmpolymer taken out 
aneieed. , . ... ^ - .^^ / ^- .[ t / , ^ qif Uie GP^ aidjusted to'l^ 

, The GPR reactor wa4 ope^^tpd at a 35 batp^essure ' , Ifgressure, Jff$ ethylerie content is";set at 2 %.w/w by ad- 
and a 80. **CJem.perature. The MFB (2.16 kg^ 230 •*C) justj^^^ 

o/Jhe PP-cppolymer taken .^ut, of the GPR was,0.3 and , \20 '^[^^'^Jpp polymer frorn the first GPR is transferred to the 
adjusted by the partial hydrogen. pressure. The. ethylene sefiopdV^GP^ JP^ second GPR. is operated at a total 
content yva&set at 1 .8 % w/wfc)y adjusting^the production , .. . preasu/e of iO bar and a partial monorher pressure of 7 
split between the reactors. , . . bar^ the op^ratipnal temperature is 80 **C and rnean res- 

Ethylene in the loop outlet was recovered troni the ^. ^ ^.jd^nqe time of the catalyst t.5 h. T^ie MFR (2.1 6 kg. 230 
flash gases and circulated back to the. loop reactpr. Pro- J^^^ '**C)jOf the-PP-pop6lymer|taken out of tha^GPR is adjust- 
pylene in the outlet of the GPR was recovered and fed\^ r to7 via the partiaJ pressure of the hydrpgen. The eth- 
tothe loop reactpr after rernjQval^^^ The once- . -^ yiene content is set at 10 % w/v\{ by,adjustih0 (Ke partial 

.through convjersions of prqpyleneand 83 pressure of ethylene and by cbntrolling-tiie production 

.% and 84 respectively,,-.'^ j spjit, between the reaiQlors... _ \j ^ 

. , '/ . . - ' V . ^ T ..The^desire;! prope^rtiesj^a^e achieved w1^^^^^ 

Example 11 .-.^ \ , , ,tipr> split of'l % inj.prQpptY;^ 

. . " . : . - ^ 46^%jp/thejirs^ 

. A continuously (speratgdpilpt plant yu^ , » ^. .... .. . 

duce p'p-cppolyfTier .yyilhigopdJ^^^ . / , 

.erties\ Jhia.plapt; eoimpijses^ J . -^ v- 

pylene.anii^ ethytenj^ fqed sy^itf rris^.a prepolyrr|e|rization ^'^^ ^Il^xsibntjjiup^ operated pilot plant vyaSjUf ed to pro- 
reactor, a loop reactor and two fluidlzed bed-ga? phasa-i^l^ ^Q^jSj^j/qry the pj^nt 'comprises cat- 
reactors tpp,F=\)u . , r .> . / rdsxQiki^iin^^ 

• \ The cajal^fst. alkyi, ,dpr>pr and prQpyjlene,are f to ' tems, prepolymerization rpactor, ICKDp r^gctor ^nd a flu- 
.the^prep^IyraerUatipn TQactoK^^i^^ ^ idized bed gas phase reactor (GPR)'. 

Ihapreppjyraer/zation^ega: to The catalyst, alkyl. donor and prppyl.en^ yvere fed 

.yyrfii0;also hydrogpn,.et|^ to the prepolymerization reactor. The' polymer slurry 

arefeid., ' . .. : : J->s,ii o-o »^*'9f??^^?t9fi?R°)Xn^^i^^ 

. ;TlierpoJynr\er;. slurry. frfyn^^^^ f'^P hydro»gen, ,ethy;le^^ 

tional hydrogen and prppylehctarat^^^ ^(P.W^^ . . ' \; 

The polymer from the first GPR jf Jed'to .ttie'^ ^' ^1|he!p^olyn^^^ frpnri''lhe Io6p,reactor and addi- 

, GP,R. ethylene, sonne \x^dxp^^ m^^^^ox\^\ propyl- ' tibnal ethyfene^ hydrogen and propylene w^^^ 
ene yvas f^ed;to,^me second G|?Ri,lie^jptp^^^^ . QPR^ l^&\p^^B^^pp\^mQx^nfS \xx\SBQZ\^^ rhonomers 

and gnc^ctedprc5)ylen^ar-^sepa^^ .w^ie^pa^ted^aft^r rem^^ from GPR. . 

from the aepond GPR. ; • ::.:-r:r .-Li :v i r -f!^}^:^^^?^'^}^^ stere- 

The cat^ly^t used isajhi^iy.actiye:and^^^^ . ' j. p^pecif/^ .ZN-cataly^ LJ..S. Patent 

cffic ZN-catalyst rnade. according .-^o.U.S,^ Patent No. ..^ IMo/s^ 

.5.234,879. The catalyst is (^tactpd)yith,<rie^^ " "^^luminlum (TEA)^and dicyclppentyi-dimethpxysilane 

lum (TEA) and . dicyclopentyldimethoxysilane^ (DCP: , - (DCPDMS) (Al/Tl^r£^tb,,was 150 and Al/Do 10 (mole)) 
DMS) (AI/TI ratio Is 150 and Al/Do 10 (mole)) before , before .feeding.fi^^^^^ reactor, 
feeding to the prepolyrnerizatton, reactor. • i : • . The.catalysVwqs fe to U.S. Patent US- 

. The.patalyst is fed according to. U,S. Patent No..^ -* "5.385.Si92.and,was.flu5^ 
5,385,992 and la flushed with propylene to the loop re- r actor Th prepolymerization reactor was operated at 
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a 51 bar pressure; a 20 'C temperature ar^d a mean res- 
id nee tim of the catalyst of 7 min. . : ' 

The loop reactor was operated at a pressure of a * 
50 bar, a temperature of 75 '*C temperatur and mean 
residence time of the catalyst at-l h; The MFR (2. 16 kg, 5 
230 °C) of the PP-random-polymer produced in the loop 
was controlled to be 4 via hydrogen feed. The ethylene 
content was adjusted to 3.8 % w/w by > control ling the ' - 

• ethylene feed. ' . 

The polymer slurry from the loop reactor was trahs- io 
ferred to the first GPR. The first GPR reactor was oper- • 
ated at a total pressure of 29 bar and a partial propylene 
pressure of 21 bar The operattonai temperature was 80 " 
^'G and the. mean residence time of the catalyst 1.2 h. 
The MFR (2.16 kg. 230 '*C) of the PP-randompolymer 
taken out of the GPR was set at 2.5 by adjusting the " 
partial hydrogen pressure. The ethylene content *ivas set ' ^ ' 

?at'8 % w/w. by adjusting production split between the ■ 
reactors and Uie partial pressure of ethylene. 

Desired properties are achieved with a production 20 
split of 1 % in prepolymerizatlon. 45 % in loop and 55 % 
in the GPR. v j . ~ • i 

. - The polymer from the GPR could have been trans- ■ ■ 
ferred to another GPFi to produce evenisofter PP copol- - 
ymer by having even higher partial pressure of ethylene 2S 
in the second GPR. - • ' 

'Example 13' i : : 



a 75 **C temperature and a mean residence time of the 
catalyst of 1 h. The MFR (2. 16 kg. 230 **C) of the PP- 
randorhpolymer produced in the loop was set at 10 by 
' adjusting the hydrogen f ed. • 

The GPR reactor was operated at a total pressure 
of 29 bar and a partial propylene pressure of 1 6 bar. The 
operational temperature was 80 ''C and the mean resi- 
dence tirtie of the catalyst 1.1 h. The MFR (2. 16 kg, 230 
•C) of the PP-c6p6tymer taken out of the GPR was ad- 
justed to 5 via the partial hydrogen pressure and via the 
'prcxjuction split between the reactors. The ethylene con- 
' tent' was adjusted to 3.5 % w/w by controllihg the pro- 
duction split between the reactors and partial pressure 
of ethylene. ' , 

Desired properties are achieved with prodtjction 
- split of 1 % in prepolymerizatlon, 40 % in loop and 59 % 
' in the GPR:' ' ' * ' • 

The polymer from the GPR could have been trans- 
ferred to ahother GPR \6 produce PP copolymer with 
better impact properties by having even higher partial 
pressure of ethylene in the secorid GPR! 



Claims 



1. 



-.r ; -Acontinuouslyoperatedpilot'plahtwasusedtopro- 30 - 
duce PP-copolymer with good creep properties. The ' 
plant comprises catalyst, alkyl. donor, propylene and 

::ethylerie feed systems, a" prepolymerizatidh reactor, a 
loop^reactor :and::a fluidized bed gas phase reactor 

The catalyst, alk^l. donor and propylerTe were fed " 
to the prepolymerizatlon reactor The polymer slurry 
rfrom the prepoiymerization. reactor was fed^to tf?e loop 
:.reactor;to:which also hydrogen, additional^ propylene ^~ = 
■was^fedj : : r : ' - 40^ 

The polymer slurry Irom the loop reactor was fed to 
a flash tank wherein monomers and polymer were sep- • 
jarated. Theypoiymertfronn the flash tank was fed to the 
G PR.. Pfopylene.from flash tank was fed to the GPR af- ' 
ter removal of hydrogen. Ehytene,* additiorral hydrogen 
and additional propylene were fed toihe GPR. '^r ^ 

The catalyst used was a highly active and stere- ' ■ 
ospecific -ZN-catalystmade according to U.S.- Patent 
5.234.879. The catalyst was contacted with triethylalu- 
minium* (TEA) and dicyclopentyldimethoxysilane (DGP- so 
DMS) (Al/Ti ratio.was 140 and Al/Do 10 (hiole)) before 
feeding to the prepolyrrferization reactor. 

The catalyst was fed according to U.S. Patent No. f ^ 
6,385;992 and' was flushed with propylene to the loop ' • - 
r actor. The prepolymerizatlon reactor was operat d at ^ 5. 
a 51 bar pressure, a 20-'*G-temperature and a mean res- 
idence time of the catalyst of 7 min. 
' : The loop reactor yyas opereteci at a 50 bar pressure. 



A process for preparing propylene hohiopotymers 
and copolymers, which comprises polymerizing 
prbpylerte optionally with corhbnomefs in the pres- 
ence of a catalyst at elevated temperature and pres- 

"sure in at I east -one slurry reactor and at least one 
gas phase reactor; the polymerization product of at 
least one slurry reactor, bbhtalnrnguhreacted mon- 
omers, being directly conducted to a first gas phase 

^reactor essentially without recycling of the unreact- 
ed rnohdmeirslo the slurry reactor. ' ' ^ 

The process according to claim 1, wherein the po- 
lymerization product of the slurry reactor comprises 
polymeric 'substarices selected fj-orri the group con- 
sisting of pbiyprbpylehe, propylene copolymers and 
mixtures of polypropylene and propylene copoly- 



mers. 



• ThQ'proc'ess according' to claim 1 or 2, wherein the 
slurry reactor comprises a loop reactor and wherein 

- the'cbncehtration of propylene in the reaction me- 
= dium is oVer'SO wt-% and the product forms in a 

p~articulate'Vdrrnr ^ ^ . - - , 

The process according to any of claihns 1 to 3, 
wherein the slurry reactor is operated at a temper- 
ature in the range of 60 to 80 **C for preparing ran- 

- ■ donri or ter-cbpolyrhers. • * 

Th process according to to any of claims 1 to 3, 
wherein the slurry reactor is operated at a temper- 
ature in the range of 80 **C to the critical temperature 
of the reaction medium. 
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6. ,:The process according to any of, claims 1 to 3. . . • polymerization is carrrad out in a secorid gas phase 
wherein the slurry react r is operated at a temper- reactor arranged in serl s with the first gas phase 

\ . . ature higher than the critical ternp.erature of the re-. - . - reactor. ; 

action medium and. below the softening tempera- : • ^ 

tureof the polymer. . . ; 18. The process acc rding to claim 18 or 17. wherein 

. , the first modified polymer is recovered and subject- 
.7. The process according to .ariy of claims 1 to 6. ed to further copotymerization to provide a fourth 

. . wherein.the slurry reactor is. operated at a pressure . ^ polymer product having properties of improved stlff- 
^ in the. range of ^35 . to. 1i3b bar . • ness, impact balance or stress whitening or white 

/ , , . , • ; • . • blush.properties.- ' 

,8. .The process, according . to any^of .thQiipreceding , . ...r^- . - 

. c.laim^, wtjerein the^polymerizaton product. Is con-, j. - :.19j Ibe process according to claim 18; wherein the fur- 
ducted from the slurryjreactoFtothe first gas phase . . - thefjpopolymerization reaction iis carried out in a 
reactor via a direct pipeline. , - -third gas: phase reactor arranged in series with the 

. - :••<>*'. ir.^^f.j ... second "Qas, phase reactor. [. - ' 

.9. The process ..according. -tp any of the pr;eceding -. . • . . . , ; - *; *: - • ^ 

claims, wherein the reaction medium.of the polym- ,'; -The process according to cla<m'18.or-19r wherein 

erizatioo product is evaporated before the polymer- : , • the second modified pofymer is subjected to at least 
Jzatioa product Is Jed into a first gas phase reactor. one further copotymerization reaction in at least one 

. . — . I . . i : 'J- further reactor. 

10. The process according to claim49. wherein the po- . .. . f '. : ^ • 

lymerization product is conducted from the slurry re- 21. The process according to any of the preceding 
actor to the first gas phase reactor via a jacketed ... claims, wherein at least part of the unreacted mon- 

plpe line heated by steam for providliig at .least a ; . » omers are recovered from; the second and/or third 
part of the energy needed for evaporation of the re- : . gas phase reactor and recycled, back to the previ- 
„ , . action rrie^lium. . . , ^ . . ous gas phase reactor(s). 

11. TTie. process .accqrdjrig to. any. of the preceding 22. The process according to any. bf the i preceding 
claims,, wherain .Uie./polYmeri^:a^^^ prcxJuct fed to claims, wherein the unreacted monomers recov- 
the .first, gsis . phase reactor, contains, copolymers = 30 _ er^ from. the. first ga&:phase::reactor are^^recycled 

.. ^ .coiTiprisiiig >/a5 wt-%. p^^ .-back to the gas phase. reactor. • 

at jeast.pne qiomonome^ . i i . ^ ■ , ' * . . 5- - ' 

, , - :'i.:23. The-;process. according to any. of the .preceding 

12. ;The process according to cte^^ i ^. - ^i, -. r , . claims, wherein-ithe unreacted mononrwrs recov- 

iymerizatlpn product i^ copoiymerized. in the ficst 55 ered from the first gas phase reactor are rrecycled 
gas phase reactor with additional comonomers to i-ct ruf^-x iiba.ck.to the slurry^ reactof:. * v 
.. . increase Ahe comor^orrieirconterit; .7 v iuie ,^'fr:v;i^o ^*r " . ' 'j 

.... .. . *1 J . . ; - :. '1 .^^^ cjroi eJ4o}rhe! process jaccording. to anyvof the preceding 

/J3..Th© process acc9rding:to^laimi^12j wherein the Q:^^\^^qo-^Q]almG'r^^QrQ\n<a:^^ 

. ./cornonomer content is ipcreased ,iip .to 20 wt-%;t- 40 recovered from the first gas phase reactor is recy- 
] ^. -.. : .^^ . y . • 'c ^ -i K . \ " - ? bs'i /r. oteclijack .to tho slurty;rB^tor.' • ^ *• ' 

14. The process according to any of clattnns 1 to 13. n:-e --v*. vj:'\\ rfi ^ 3 ; ,5: -or., ■ -v/ 0 

wherein polymerization in the first gas phase reac- t. -; Ihe process according .to claim' 24, v^erein the 
-tor is carried out without additional monomer feed. P -aniount of monomerd recycled' comprises -I to 65 
- . -tfS .1- :wl-% otthe amount of fjionomers in the teed of the 

15. The FKOcess^ccordingtoanyonepl.the preceding -slurry reactor. ■ t ^ t'i . .v 
.claims,, wherein a polymerization product is recov- - ^ : i; . i; . s i J- ' ^* 

ered from the gas phase, reactor, to provide Im- 1 .- 26, The * process according -to any -:of the -preceding 
proved properties, such as stiffness, creep proper- . ; r; ^ r claims; wherein the production rate of the slurry re- 
ties, or softness. ■: *i --..actorJs!lOto70 w^-%,. preferably 20 to 85 wt-%, in 

. ^particula^404o60-w^%,^of4he:total.p^odLlcti6n rate 
,16. Thaprocess according to.clairri: 15,. wherein the po- of the.slurry andfthe, first gas phaise- reactor 

lymerization product is, subjected to copplymeriza- 1 • ' ; ; i k v . ■ . ' 

tion in the presence of comonomers to provide a : 27. The process according to any of the- preceding 
third .polymer -product ' with . irnproved impact claims, wherein hydrogen is used in at least one re- 

strength properties, - . : i • • . ' . actor aea molar mass modtfler. • 

17. Theprocessaccordingtoclaim 16, wherein the CO- ^ r 28. The process according to emy of the preceding 
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claims, wherein the catalyst used is prepolymarlzed 
before feeding it into th process. . , 

i 

29. A process for preparing pr pytene honnopoiymers 
and copolymers^ which comp rices the steps of ^ 

subjecting propylene <^tionally with comono- 
mers to polymerization in trie presence of a cat- 
alyst at elevated temperature and pressure in 
at least one slurry reactor to produce a first po- 
lymerization product comprising propylene pol- 
ymer and unreacted monomers, 
recovering the polymer and the unreacted mon- 
omers, . ^ ■ 
feeding the polymer to at least oji& gas phase 
reactor, J 

- "feeding essentially all of the unreacted mono- 
* mens to said gas phase reactor, 

- subjecting the polymers, and the- unreactaJ 
nrKsnomers to polymerization in said gas phnse 

■ reactor to produce a second polymerization 

product containing propylene polymer and gas- 
eous substances, and 
* - recovering the propylene polymer. 

30. The process according to claim 29. whereinlrfe pro- 
pylene polymer is fed to a further gas phase reactor 
for copolymerizatlori. 

31. The process according to claim 29 or claim 30, 
wherein hydrogen is juspd fis niolar mass modifier 
In at least one of the reactdr^. ■ ■ 



32. The process according ito ariy of cjaims 29 to 31, 
wherein the polymerization irVgasiphase Is^ctz' 
out essentially without j additional feed[''>f monu- 
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•friers. 



.M.^Jhe procetss acQoi:ding';o poy pf:tdajrr|€;^9 to sCV^J^ 
'*!r ."Wherein the first polymerization product Isf c^nduct- 40 
^ ' 3d to a flash tank io reduce the pressure th9[^qf^5nd^^^^ , 
_jJ^in^ordortOj separate a gaseous product, unreacted^ " 
**rnonomers are recovered from thc;^iaseous prodX^ 
uct, and the unreacted monomers are fed into the 
gas phase. reactor. ■ 4S 

34. The process according to claim 33, wherein hydro- 
gen and/or lnd>t hydrocarbons are separated from 
the gaseous product. 



35. The process according to claim 34. wherein hydro- 
gen and/o? inert* hydrocarbons are separated by 
membranes or stripping. 

t 

36. A propylen h mb- or copolymer prepared accord- 
ing to a process according to any of claims 1 to 35. ^ 

37. Apparatus for preparing propylene homopolymers 
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and copolymers, which comprises 

at least one slurry reactor and at least one gas 
phase reactor, arranged In series to form a cas- 
'cade, and 

a conduit interconnecting at least one slurry re- 
actor with at least one gas phase reactor for 
conducting the polymer and essentially all of 
the unreacted monomers from the slurry reac- 
tor directly to the'gas phase reactor 

38. The apparatus according to claim 37. wherein there 
is no conduit connected to a slurry reactor for recy- 
cling of unreacted monomers back to the same re- 
actor. 

39. The apparatus! according to claim 37 or claim 38, 
^ wherein at least one of the gas phase reactors is 

provided with a conduit interconnecting said gas 
phase reactor with at least one slurry reactor for re- 
cycling any unreacted rhonomers. 
.i- ' 

40. The apparatus according to any of claims 37 to 39, 
wherein the conduit interconnecting the slurry reac- 
tor with the gas phase reactor comprises a jacketed 
pipe line. \. * 

41. The apparatus according to claim 40. wherein the 
conduit is provided with means for heating it with 
steam. ^ 

42. Apparatus for preparing propylene homopolymers 
and copolymers, whlph cornprises 

at least one slurry reactor and at least one gas 
^: - phase reactor, arranged in series to form a cas- 
cade, 

- a flash tank for separating polymer from reac- 
\\ . C*Uion medium containing unreacted monomers 
•1 and vol£»tile compounds, said tank having an in- 

let for a poly^nerization product and an outlet 
for the polymer and an outlet for the reaction 
^ - J mediumt 

,-aseparation means for separating volatile com- 
X pot!nfd3 from the reaction medium, said sepa- 
ration m'eanSj\having an inlet for the reaction 
rhedium>and an outlet for the reaction medium 
andean butlet for the volatile compounds. 
* a first condijjt interconneciihg at least one slur- 
ry reactor with the inlet of the flash tank, 
a second concluit interconnecting the outlet of 
the polymer with at least one gas phase reactor 
a third conduit iriterconnecting the outlet of the 
reaction medium with the inlet of the separation 
means, and 

" a fourth conduit interconnecting the outlet of the 
reaction medium from the separation means 
with the gas phase reactor 
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